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ABSTRACT
Improving the Process of Anatomical Specimen Transportation Over Long Distances Using Lean
Methodologies: A Case Study
Michael E. Mazzotta
April 18, 2018
Industry experts agree the health care industry in the United States has been fraught with
rising costs and wastes for many years. The purpose of this study was to investigate and examine
the potential benefits of applying Lean methods to improve specimen transportation over long
distances. Lean processing has been used in manufacturing for decades and has recently been
adapted for use in health care. Lean addresses waste, efficiency, process flow, and bottleneck
issues. Lean was selected over Six Sigma because Lean based projects are more straightforward,
less costly to implement and increase the efficiency to reduce waste that may have an impact on
the bottom line of the organization.
While numerous peer-reviewed articles focus on the current costs of health care, Lean,
change management, and transportation, less is known about the impact of Lean on specimen
transportation. Using a case study approach, this work identified inefficiencies on transporting
anatomic specimens from Atlanta to Brunswick, GA. It compared four Models that ranged from
no change to the current process (Model 1) to setting up a satellite facility and flying (via Delta
Cargo) the specimens to the laboratory (Model 4). The results showed each of the Models
demonstrated different amounts of efficiency, waste, costs, and savings.
Model 1 (retention of present process) was the least efficient and most expensive. Model
2 (using Delta Cargo to fly the specimens to the laboratory) provided greater efficiency with
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savings of more than $400,000. Model 3 (using FedEx and UPS) also showed excellent
efficiency with potential savings of over $417,000. Model 4 (accessioning specimens at a
satellite facility in Atlanta and flying them to Brunswick) had the best efficiency and showed an
approximate cost savings of over $360,000. If the savings are extended to sales equivalency
utilizing a net profit margin of 1.11% (the laboratory industry median), the annual revenue
increase that would be required from sales to similarly affect the bottom line would be $36.9
million. Implementing and sustaining a Lean program will potentially return significant benefits
with a decrease in costs and an increase in efficiency and bottom-line revenue.
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Introduction
Health care is the largest private employer in the US (Thompson, 2018) and is an
extremely diverse and interconnected industry. It is widely recognized health care is plagued
with waste and overburdened with inefficiency and overall poor quality control. There is an
almost complete lack of understanding of how much it costs to deliver patient care, much less
how those costs compare with the outcomes achieved. According to the National Academy of
Medicine, these inefficiencies cost US taxpayers $750 billion per year (Warnick, 2012). Much
of this is systemic and the effects range from needless delays to unsafe practices that may extend
to patient injury resulting in death (Vibeck, 2012).
With reimbursement changes moving toward a value-based platform, now is the time to
address patient variation and the waste (costs) associated with current health care delivery
Models. Managing outcomes that emanate from this array of methods is challenging and requires
powerful tools. Present day specimen transportation costs are escalating and will continue to
increase (Yücel, 2012). Application of a Lean and Six Sigma program in the laboratory may lead
to improved quality of service, faster results, and reduced cost. Laboratories will continue to
struggle with their allotted resources and increasing regulations and will have to review and
adjust their processes as needed.
Purpose and Need
This study explores the role of transportation in laboratory operations and will investigate
and propose several Models to transport anatomic specimens more than 300 miles to an anatomic
pathology laboratory. Many publications have studied Lean process in the laboratory; however,
they have focused on internal operations and not transportation. This research can potentially
impact health care organizations pursuing performance excellence by providing a clear and
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objective assessment of Lean process as an overall business Model for leaders to improve the
efficiency and effectiveness of health care systems. This study combined qualitative research
with Lean processing to demonstrate that applying the tools of Lean principles helps health care
leaders focus, prioritize, integrate, and align their improvement initiatives to accomplish the
results that matter most.
Research Question
This research study began with an inquiry: Would the implementation of a Lean program
combined with change management be more beneficial than the current operation to the bottom
line of an organization by minimizing waste and decreasing costs for the inbound transportation
of anatomic pathology specimens?
While numerous peer-reviewed articles focus on the current course of healthcare, Lean,
change management and transportation, less is known about the impact of Lean on specimen
transportation of anatomic pathology specimens. During the investigation, additional research
questions emerged:
•   How might Lean principles be applied to understand the current process for transporting
anatomic specimens over long distances?
•   Can the application of Lean principles reduce waste in the process of transporting
specimens?
•   What are some of the current barriers to progress?
•   Are there real benefits to applying Lean principles to the transportation of anatomic
specimens over long distances?
These questions provided the framework for the research study.
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Transportation of pathology specimens between two cities in the state of Georgia (Atlanta
and Brunswick) will be evaluated. Chapter one is an introduction to the research. Chapter two is
the literature review and provides an analysis and history of the principles of Lean and
background of past studies that have explored increased efficiency and decreased cost in health
care and how they can assist in organizing, coordinating and integrating a specimen transport
system. The third chapter consists of the methods section and will outline the data collection and
data analysis. Chapter four will focus on the results of the research and provide a review of the
different transportation Models and the advantages and disadvantages of each. The final chapter
will offer a conclusion followed by appendices, glossary, and references.
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Chapter 2
Background
The Economy of Health Care
For decades, US hospitals have been known for their high costs (Porter and Teisberg,
2006; Ding, 2014). The US health care system is said to be the least efficient and most expensive
in the world (Mangan, 2016, Gawande, 2009). According to Medicare actuaries, health care
spending in the US grew ten-fold from $256 billion in 1980 to $2.6 trillion in 2010 and is on
track to reach nearly $3.9 trillion in 2018, (CMS.gov, 2012, 2016) representing approximately
17.8% of the nation’s Gross Domestic Product (GDP). Insurance payers are focusing their efforts
on improving quality and decreasing costs by holding providers more accountable for services
they provide. Cutting payer reimbursement does reduce the bill paid by insurers and lowers
providers’ revenues, but it does nothing to reduce the actual costs of delivering care (Kaplan &
Porter, 2012). What US health care should aim for is cost containment, satisfied patients and a
reduction of futile tests.
The US medical system does not deliver safe, effective, efficient, patient-centered, and
equitable care as recommended by the National Academy of Medicine. Dafny & Lee (2016) state
that even with dedicated workers, the US health care system is chaotic, inefficient and crushingly
expensive. According to a 2016 article published in Bloomberg, the US ranks 50th out of 55
countries regarding service. Jordan (#51), Columbia (#52), Azerbaijan (#53), Brazil (#54) and
Russia (#55) make up the remaining five. Hong Kong (#1) and Singapore (#2) retained their top
rankings again in 2016. As for cost, the US still holds the top spot (#1) (Du & Lu, 2016).
The US also ranks at the bottom when it comes to administrative efficiency.
Bureaucracy can add extra steps to the health care process. If these additional steps do not add
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value, they are adding to the waste that is widespread in many health care systems. This burden
is primarily due to the growing amount of paperwork that must be completed by the patient and
the treating physician (Drucker, 1994).
In 2015, the reported amount of waste in the US health care system was estimated to be
$1 billion (Sahni & Chigurupati, 2015). Apart from the increasing costs of labor, supplies, and
inflation, the biggest expenditure in health care is waste combined with inefficiency (Coluni,
2012). Escalating costs and shrinking budgets confront many leaders in the laboratory (directors,
managers, supervisors). As an example, the increasing number of medical billers and coders that
must be employed to handle the ICD-10 and CPT coding of every procedure that takes place in
medicine represents a large burden to the practice. Many of the smaller (low volume)
laboratories may have a challenging time justifying the salaries of these individuals. In order to
sustain the practice, an examination of waste reduction begins with an in-depth analysis of the
current processes (Kaplan & Haas, 2014).
Many times reductions are made without considering the best mix of resources needed to
deliver excellent patient outcomes in an efficient manner (Kaplan & Haas, 2014). These
increasing costs are not sustainable and revenue is decreasing, not because of fewer patients, but
due to continued significant decreases in reimbursement methodologies from Medicare and the
insurance companies for laboratory tests (Michel, 2007). As the largest single payer in the US,
Medicare has considerable influence in the health care market.
Value-Based Care
Although payment reform is on the horizon, many hospitals and health systems still
continue to operate in a fee-for-service environment or a combination of the two (Letourneau,
2015). Continuous changes in government regulations and reduced reimbursement
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methodologies are among the factors in the providers’ inability to transition to the quality versus
quantity concept (Iorio, 2014). For example, a 2017 Health Leaders survey showed 56% of
health systems stated “inadequate payer incentives” was the top barrier in moving forward with
value-based care (Bees, 2017). Third-party payers (volume-based) reimburse for procedures
performed and not outcomes achieved. To make the transition to value-based (or bundled) care,
providers such as laboratory services need to think strategically to keep pace with the move from
fee-for-service (quantity) reimbursement structure that is quickly transitioning to a value-based
reimbursement approach (Kaplan & Haas, 2014).
Value in health care is measured concerning the patient outcomes achieved per dollar
expended. It is not the number of different services provided or the volume of services delivered
that matters but the value of them to the patient (Kaplan & Porter, 2012). The key to value-based
health systems is the ability of a facility to treat patients along the entire continuum of care.
Organizations are currently evolving from the traditional fee-for-service, physician-centered
Model to one of clinical integration and patient-centered (Landi, 2017).
A bundled payment system covers the full care cycle of the patient and includes care for
complications and common co-morbidities. Value-based reimbursement rewards providers who
deliver the best overall care at the lowest cost and who minimize complications rather than create
them (Dafny & Lee, 2016).
Despite its widely acknowledged deficiencies, fee-for-service remains the most common
payment method in the United States (James & Poulsun, 2016). In 2014, only a handful of
health care expenditures flowed through the new value-based payment Model. By 2018, the U.S.
Department of Health and Human Services plans to shift at least 50% of all its payments to these
new payment Models (CMS.gov). Since provider margins are razor thin and fixed costs are very
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high, small changes in incentives or market share should have a significant impact (Sahni &
Chigurupati, 2015). Therefore, it is important for hospitals, health systems, and laboratories to
analyze their options in the face of declining laboratory revenue beginning in 2018 (Kaplan &
Haas, 2014). One alternative to consider is to no longer accept referred specimens and to instead
direct them to other independent laboratories in the market. This option means a strategic
decision to reduce or walk away entirely from a service line (Rinkle, 2016).
Realignment of financial payments to promote improved quality has caused hospitals to
commission projects to improve their performance, and this has given rise to incorporating Six
Sigma and Lean programs in many health care facilities. Capitalizing on these value-creating
opportunities—previously hidden by inadequate and siloed costing systems—is the key to
solving the health care cost problem (Kaplan & Porter, 2012). Also, more and more people are
switching to high deductible health plans which are forcing them to be responsible for a more
substantial portion of their medical expenses. Talaga (2017) stated that due to the high
deductible, patients are now the third largest payer of health care costs following Medicare and
Medicaid. In a 2017 report from Transunion, 68% of the patients with Medicare that have bills
less than $500 do not pay them. This situation is projected to increase to 95% by 2020. The
most significant reason cited was an increase in insurance deductibles (Holahan, 2017). The
results are laboratories seeing an increase in bad debt and write-offs from patients who either
cannot or will not pay their laboratory charges.
This report will focus on the Atlanta to Brunswick courier and the idle time at the
laboratory for a total cost of $433,521 ($100,485 + $333,036). This situation is a perfect setting
to initiate a Lean program to discover how much revenue can be retained by the company.
Looking at this from a different angle, we can calculate the sales equivalency. If a company has
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an 8% net profit, and it saves $100, it has the same effect on earnings as $1250 in sales. The
formula for calculating sales equivalency is:
Amount of savings ÷ net profit margin = sales equivalent ($100 ÷ .08 = $1250).
The sales equivalency of the idle time per night ($1,276) using the current industry average of
net profit margin, currently, 1.11% (CSI Market.com) would yield: $1,276 ÷ 0.0111 = $115,000.
In other words, the idle time of each night is equal to $115,000 in sales. If the company
has a higher net profit margin, for example 15%, then the sales equivalency is $8,075. When
observing the process from this point of view, the potential savings of instituting a Lean program
become clear. Simplification of the process will result in a reduction of waste and every dollar of
waste comes right off the line. As the company examines all the activities in the value stream, an
analysis of financial impact should always be performed. If the company can remove the
identified system constraints, performance will improve, and costs will decrease. Any laboratory
leader should find these financial metrics eye-opening.
Background on Lean Process
According to Ohno (1978), all businesses are composed of two components: work and
waste. Work consists of value-added and non-value added. All waste is not value-added but not
all non-value added activities are waste. The most effective way to improve productivity is to
eliminate unnecessary work. Most service organizations (including hospitals and laboratories)
have 50-80% waste without realizing it (Stagal, 2015). Health care managers must not tolerate
this waste but rather learn to recognize and relentlessly pursue value. Cutting costs, becoming
more efficient and improving quality is rapidly becoming a number one priority in many
laboratories across the country. Regardless of who makes them, mistakes, errors and poor quality
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come directly off the bottom line of the company. It is far less expensive to invest in a quality
enhancement program, including such items as tracking, than to pay a higher premium for the
errors and waste that will follow. According to a 2003 leadership survey by the Murphy Group,
every 1% decrease in waste adds 0.25% to the operating margin.
Key Lab Processes of Anatomic Pathology
Pathology and laboratory medicine are broken down into two divisions: Clinical
Pathology and Anatomic Pathology. Clinical pathology includes all of the blood, fluids,
microbiology, and chemistry that are examined and tested on patient specimens. Anatomic
pathology includes surgical pathology (specimens removed during surgery), cytology, and
autopsy pathology.
Unlike clinical pathology where several hundred (or several thousand) tests are
performed each day all using high capacity instruments on an automatic production line,
anatomic pathology has a much lower volume (dozens versus a few hundred cases per day) and
almost all of it is a hands-on operation. There is very little automation in anatomic pathology.
The entire operation is performed step by step by hand and may take up to two days to complete
a case.
Anatomic pathology is broken down into three phases, pre-analytical, analytical and postanalytical. The following information will present a brief description of each step along with the
barriers where improvements can be suggested. Although surgical and autopsy pathology
specimens will follow the same route, the autopsy cases will usually take several days longer due
to multiple organs needing to be examined.
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Pre-analytical Overview
The pre-analytical phase begins with the provider and the patient. The provider, usually a
physician in a hospital, outpatient surgery center, or physician’s office, removes tissue from a
patient. The first barrier is in the operating room. Information critical to proper handling of the
specimen is recorded by individuals who are not doctors and often have no training in pathology.
Errors throughout the preanalytic phase which have been determined as high as 68% in some
studies by Plebani (2010) – are preventable. Information such as date, site, patient name, and
provider must be adhered to the specimen container and on the corresponding order sheet
(CAP.org). The specimen is then transported to the laboratory accessioning department.
All required information such as name, provider, site, insurance, and billing is entered
into the laboratory information system (LIS). This work is all done on a manual basis and is
inherently prone to errors because many specimens arrive with medical jargon and employees in
the accessioning department have not had any experience with medical terminology.
When all of the information is entered, the LIS will issue a unique specimen
identification number which will become part of the overall patient record. It is also when the
clock begins for calculating the turn-around-time of the specimen.
Analytic Overview
The analytic phase consists of three parts: grossing (dissection), histology and
distribution. In the first phase, the specimens are brought to the gross room and enter the hands
of the prosector who will dissect the specimens and enter a description of the gross
(macroscopic) appearance of the specimen, selection of individual tissue sections, and
designation of these sections for microscopic examination. Each of the specimens is examined
one at a time and will have samples taken during dissection that will be examined under a
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microscope. Some specimens take a few minutes while others can consume more than an hour.
All institutions have protocols on how they prefer the specimens sectioned. It should be noted
specimens have been grossed roughly the same way using the same instruments for over a
hundred years.
In autopsy pathology, measurements of size and weight can considerably affect the final
diagnosis, especially if the decedent is perinatal. Also, autopsy pathology involves the generation
of extremely long gross descriptions that can become several pages in length. All dictations
(surgical and autopsy pathology) become part of the permanent record of the patient and as such
can be subject to subpoena.
It is essential to keep the grossing area and the autopsy room in a constant state of 5S (see
definition on page 84). All of the equipment needs to be clean and in its place. This state leads
to less clutter and confusion, increasing the overall efficiency of the gross examination and
autopsy room.
The second step is the histology laboratory. Because of its assembly line nature, it has
been the target of many process improvement projects. As an example: for decades slide labels
were written by hand. Today, there are machines that extract information about the case from
the LIS and print out slide labels. This single addition eliminates many errors such as the
incorrect patient name or case number on the slide. These machines only print the exact amount
of slides needed at the time they are needed (exactly like JIT process). Some slide printers can
also add a barcode to each slide that corresponds with the cassettes and the original orders. This
is yet another step in Lean that allows a more efficient workflow combined with positive patient
identification throughout the entire process.
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In histology, hundreds of samples are processed every day. Processing can vary from 90
minutes to over twelve hours depending on the tissue type. Once the processing is completed,
each of the samples has to be embedded in paraffin by hand. They are then sent to be sectioned
on a special machine that shaves slices of the tissue to 1/35 the thickness of a human hair. This
tissue is then placed on a glass slide and sent through a staining machine.
The final step in the analytical process is the distribution department. Here the slides are
mated with the original order sheet, patient history and any other additional documentation such
as radiographs and sent to the pathologist for diagnosis
Post-analytic Overview
In this phase, the cases are with the pathologist who reviews each slide one at a time.
They will “read” the slide and render a diagnosis. This diagnosis will be entered into the
pathology report and sent to the ordering physician. This step also represents the end of the turnaround-time which is documented for each case performed.
Following the diagnosis, the ordering physician will know how to treat the patient
appropriately. Many patients spend time researching their physicians and surgeons, but none
asking about the pathologist who will ultimately provide the diagnosis. In autopsy pathology,
instead of a diagnosis provided, the cause of death is issued. Not only does this become part of
the patient’s medical record, it is also recorded on the certificate of death and becomes public
record.
The above scenario is called the value stream of anatomic pathology. The value stream
represents the constant movement of the product through the system. It also demonstrates
several areas of waste where instituting a Lean approach could save a significant amount of time
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and money. The scenario presented has been extensively studied, most notably by the Henry
Ford Hospital System in Detroit, ARUP in Salt Lake City and Virginia Mason in Seattle have
developed and adopted quality management programs that bear a striking resemblance to the
Toyota Production System.
According to the guidelines of the College of American Pathologists (CAP), the
recommended turn-around-time that 80% of routine biopsies should be diagnosed within the first
48 hours and 80% of large specimens (resections) within the first 72 hours. Both times begin
from the time of receipt at the laboratory (CAP.org, Novis, et al., 1998). In November, 2017, the
author conducted an in-person inquiry with multiple physicians asking about turn-around-time.
Most were very pleased with the 24-48 hour turn-around-time, and none had any issues with
specimen results taking 48 to 72 hours. Their only concern was that they wanted the laboratory
results before the next patient encounter which is usually two to four weeks. With more than
70% of all medical decisions coming from the laboratory, pathologists are the single most
influential physician that the patient usually never meets (ACLA.com, 2014).
Two approaches for increasing profit are: Six Sigma and Lean management. They are
currently the most comprehensive methods available to combat diminishing margins in a
laboratory setting. Six Sigma focuses on reducing errors/defect per million opportunities and
Lean focuses on waste reduction to improve the flow of the operation. Lean is a proven, practical
approach to process improvement in industries such as manufacturing and industrial engineering.
One of the essential elements of Lean is that it specifies and identifies value in a process as well
as waste. It is imperative that health care organizations provide excellent care and create value by
improving quality while eliminating unnecessary costs.
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One of the pillars of Lean is a state of continuous movement of the work. In a 2014
article, Dr. Craig Foreback highlighted the Henry Ford Health System laboratory headed by Dr.
Richard Zarbo, DDS, MD. Dr. Zarbo pointed out that, like most hospital-based anatomical
pathology laboratories, it closed at 5:00 p.m. All cases (except frozen section and organ
transplant) would have to wait for the following day for processing. This schedule added at least
24 hours to the turnaround time. Following his teachings on Lean process, Dr. Zarbo established
a second shift in the laboratory that effectively extinguished the bottleneck of holdover cases and
improved efficiency.
In the 1990’s, Lean involvement with health care was relatively new. Brandao de Souza
(2009) identifies the first reference to Lean in UK health care by the NHS Modernization
Agency in 2001. Today, Lean process includes all segments of health care, and this concept has
become part of the education system for management. Lean health care is currently in use in
some hospitals and laboratories across the country. The process can be performed successfully
under a wide range of conditions, and once the company fully immerses itself in the Lean world,
they find that it is much more than a process but an entirely new philosophy and a way of life on
a never-ending journey to remove waste and increase efficiency.
Lean seeks to identify waste and processes to improve value and efficiency. There are
seven categories of waste:
•   Transportation of materials that do not add value to the final product. Transporting
items or information that is not required to perform the process from one location to
another. This increases costs and increases the chance that products could be damaged.
An example is returning anything to the manufacturer (or seller).
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•   Inventory of materials or information that is not needed to satisfy customer demand.
Examples include obsolete patient charts and perishable items (chemicals & reagents)
that must be discarded before being used.
•   Motion which is any movement (people, equipment or information) that does not add
value. This is usually due to an inadequate process and poor workplace design. This also
includes searching for misplaced items.
•   Waiting for anything (parts, people, and information). When workers are standing idly
by this costs the company money. Examples include waiting in line at the doctor’s
office, waiting to begin a meeting because all the participants are not present and patients
waiting for test results. Why would a responsible and accountable leader want to continue
to pay their staff to perform wasteful work or stand idly around waiting for work?
•   Overproduction of items that are not needed before they are ready to be sold. Examples
include large meals that cannot be consumed in one sitting and products that become
obsolete.
•   Over-processing of items that take more time and people that are not necessary for a
complete and functioning product. This causes an increase in costs, time and resources.
Examples include using materials of higher grades than is necessary or ordering an MRI
when an X-ray will suffice.
•   Defects include wrong or damaged goods that cost money and are useless. Missing
information on a specimen which delays processing, a missed diagnosis, and items
shipped to the wrong address. Also included is all of the time required to correct the
defect.
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In 2006, an eighth waste was introduced by Dr. Jeffery Liker:
•   Skills and talent of employees that are not used by the company Considered to be the
most damaging of all is the eschewing of human potential. This particular waste can have
a detrimental effect on both the worker and the company. The usual cause is poor
management which does not recognize and take advantage of these skills. Examples
include: employees being held back from advancement and not allowed to utilize their
talents for the company. Companies need to strike a balance. They spend too much time
managing the finances and far too little ensuring the best use of talent, time and energy.
These are the scarcest resources in the company.
Although cost reduction and efficiency can be made on a department basis, actual savings
will be realized when employees of an organization are committed to continually researching and
reducing waste, and senior leadership is willing to provide the resources and support necessary
for the program to be successful.
Lean Management in the Health Care Setting
There are many articles and books devoted to Lean in the laboratory industry. However,
none address transporting the specimens to the laboratory. It was discovered that the usually
ignored inbound segment is a significant place for cost savings opportunity. Applying Lean
principles in health care is a goal for many health systems looking to become more efficient and
effective (Zarbo, 2012) and many hospitals have attempted to improve their service delivery
outcomes using Lean improvement projects. According to Burke & Hess (2010), the initial
introduction of Lean processes works well within one unit and not across organizational
boundaries. Process improvements only take hold across an enterprise when there is a cultural
paradigm shift. In other words, Lean works in health care (or any other field) when it is part of a
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more significant initiative driving real cultural change (Putnam, 2017). This initiative also is
consistent with the application of the Toyota Production System (TPS), in which every employee
participates in continuous improvement efforts.
Lean production is being considered and adopted as an improvement program at a very
rapid pace in the health care sector (Teich & Faddoul, 2013). Virginia Mason Medical Center,
located in Seattle, WA, had budget deficits in 1998 and 1999 and was in dire need of something
(and someone) to solve the fiscal problems of the institution. In 2000, when Dr. Gary Kaplan,
MD took the reins as the new CEO and chairman, one of his first moves was to instill the culture
of Lean process throughout the medical center. Efficiency measures were applied to all the
goods and services needed to complete an episode of patient care. The medical center reduced
its inefficient production of care by reducing waiting and transport time for patients and
maintaining only frequently used instruments in operating rooms. Generics replaced brand-name
drugs when possible without affecting the quality of care, and computerized clinician order entry
and patient safety alerts reduced errors and defects.
This initiative propelled the medical center from the lower ranking to the top 1% in the
US regarding the quality of patient care and efficiency. All of the employees and the community
as a whole felt a sincere sense of pride (Wood, 2012). Virginia Mason had become the first
hospital in the nation to adopt Lean process and in 2016, Dr. Kaplan was named as one of the 50
most influential physician executives. In a 2009 article by Pham et al., preliminary assessments
have estimated that using Lean principles reduced the process costs associated with back pain,
migraine headaches, and cardiac testing at least $2.6 million. Virginia Mason Medical Center
reports implementing Lean throughout the hospital increased revenue by more than $24 Million
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(McAuliffe 2004; Neurath, 2008). The medical center became an international pacesetter for the
US and the world to study1.
Laboratories and Lean
The current situation that laboratories (hospital-based, private and corporate) are facing is
“doing more with less.” The amount of defects or waste encountered in pathology work
processes is not typically quantified. This result is a list of issues that make working in the
laboratory more challenging by utilizing fewer resources:
•   Escalating clinical demands, volumes and case complexity
•   Increasing regulatory and administrative burden
•   Low staff morale
•   Pressure to reduce budgets, costs
•   Increase operational efficiencies and productivity
•   Negative media attention to errors and fraud
•   The decrease in reimbursement from Medicare (Michele, 2017)
Administrators are increasingly trying to improve their turn-around-time while coping
with increasing test volumes, less staff, and more complex cases and testing. Over the coming
years, this will bring about a transformation in health care, and this will necessitate the absolute
need for a clear strategic plan from those in leadership positions (Giniat et al., 2012).
Laboratory testing is an essential element in the delivery of health care services. Health
care professionals use laboratory tests to assist in the detection, diagnosis, monitoring, and
treatment of diseases and other medical conditions (Yücel et al., 2013). The laboratory has an
impact on over 70% of medical decisions (The Lewin Group, July, 2005; Knowledge Source
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Inc., 2008). With this much information, when will laboratory administrators and physicians
move from operating a laboratory to influencing the quality of health care? There are times that
a single event can compel a company to act. That event may be the recent changes in
reimbursement from Medicare.
In a 2017 article in the Dark Report, it is reported that PAMA (Protecting Access to
Medicare Act of 2014) will have a devastating financial impact on the laboratory beginning in
January, 2018 with massive across the board decreases in reimbursement for the Medicare Part B
program. The original budget reduction of $340 million was thought to be too extreme; however,
the 2018 estimated reduction from The Centers for Medicare and Medicaid Services (CMS)
currently stands at $670 million in the part B program and an additional $818 million reduction
in 2019. Industry experts predict that PAMA will be the most financially disruptive event to
impact the clinical laboratory industry in 20 years.
Change Management
Change in health care is roughly the same as it is in other fields. The old process comes
to an end and productivity decreases while a new process is explored. This stage concludes with
the beginning of a new process. Once all are onboard, productivity will increase and, if
performed correctly, efficiency should be higher, and costs should be much lower (Slosberg &
Carr, 2015). Transitioning to a new process may be challenging for employees and
administrators alike. The process will proceed much more smoothly if there is physician
involvement at the strategic planning stage (Betbeze, 2017). If the change is small, the impact
will be minimal. However, if the change is radical, it could have a significant influence on the
operation of the laboratory (Slosberg, 2018). This raises the question of who should be on the
transition team. During the transformation, the process is lead by a champion who will be the
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liaison between the company senior leadership and the transition team. The multidisciplinary
team is made up of subject matter experts, usually, the employees who do the actual work since
they will have the most knowledge about the job and others who will be affected by the changes
(Martin, 2011).
According to Anand and Barsoux (2017), previous studies have consistently shown that
75% of change efforts fail. Some of the top reasons cited include flawed implementation, poor
execution and pursuing the incorrect changes. Change management becomes an integral
component of any Lean program. Because process changes must incorporate behavioral
changes, the solution is to initiate real quality improvements and changes throughout the entire
health care facility (Zarbo, 2017).
A leader who excels will know that the transformation is also a process. A
transformational leadership style facilitates and carries out the need for change, creating new
visions and mobilizing commitment to those visions, in changing situations with significant
impact such as the implementation of Lean health care (Kotter, 2007) while avoiding the pitfalls.
An example is executive leadership discovering the challenge to advance employees out of their
comfort zone.
A transformational leader has the ability to change and improve an organization
(Drucker, 1994). However, for these improvements to become permanent, they need to be
measured and tracked for progress. In addition, they have to be documented, reinforced and
sustained (Cooper & Kaplan, 1998) to prevent backsliding into the old, inefficient ways.
Utilizing a kanban board placed in a central area that is visible to all employees and staff
members (Zarbo, 2017) efficiently accomplishes this. The staff must remain focused on the task
at hand: waste removal and efficiency. Employee engagement is critical during the change, and
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this has become a way of life for the laboratory employees at Henry Ford Health System (Zarbo,
2012).
Only by maintaining the process will real results be realized. Lean will not provide
miracles overnight. People development takes ten times longer than process development
(Zarbo, 2012). The research shows transformational leadership, team leadership, and workforce
flexibility strengthen the change capacity and therefore foster the transition to a sustainable Lean
health care system (Chassin & Loeb, 2011).
According to Giniat et al., (2012), health care facilities will receive the most significant
implementation of new processes by aligning all of those that the changes will impact. A clear
strategic plan is mandatory and senior management can create a vision that is widely understood
and that inspires company employees, encourages desirable behavior and strengthens the
organization’s capacity for change (Klarner et al., 2008), but it is not enough. In order to create a
health care system possessing sustainable success in improving quality and lowering costs,
technical Lean activities must be part of a comprehensive management system that is supported
by committed leadership and institutional culture. Peter Drucker has argued the primary obstacle
to organizational growth is managers’ inability to change their attitudes and behavior as rapidly
as their organizations require (Drucker, 1994). Assisting leadership with this task requires
combining real-time business intelligence and quality management.
The transformational leader is disciplined and focused. Their initiatives should be
interconnected. Their job is to connect the dots for everyone in the organization. Unless it is
plainly visible, the leadership has to get people in the organization to see the need for change
(Heifetz & Linsky, 2002). A company cannot have a transformation without revamping the
culture and leadership must embrace the new culture, new talent and new ways of doing things
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(Zarbo, 2012). Also, during the transformation, they have to listen and act at the same time.
They need to be open to the reality that the organization will have to pivot when it learns
something new, while still having the courage to push people forward (Womack & Jones, 1996).
Accurately measuring costs and outcomes is the single most powerful lever we have
today for transforming the economics of health care (Kaplan & Porter, 2012). Laboratories are
under constant pressure to improve their services (Howanitz & Howanitz, 2001). With the
regulations continually changing and because many facilities are being asked to “do more with
less,” they will either become more flexible and adapt or struggle to survive (Lumsdon, 1996).
This situation becomes especially true in health care where people’s lives are vulnerable;
keeping up with new standards that are continually changing is integral to improving quality and
patient outcomes (Moen & Cue, 2012).
A review of the literature reveals that for the health care facility to sustain the successful
implementation of the changes, they must become part of the overall management system of
thinking and culture (Dahlgaard, 201, Juran et al., 1979). In a 2009 article, Liker states “the
people who do the work should be the ones to improve the work.” As in nature, the ability to
change, evolve and adapt is one of the only sustainable advantages in the business of health care
today (Caldwell et al., 2008, Mariotti, 1998).
In a 1989 article, Kotter and Schlesinger stated organizational change would often
encounter resistance, especially from senior leadership, and that managers must be educated that
this may occur. Their research discovered four reasons why this friction exists:
•   Parochial self-interest: One primary reason people resist organizational change
is that they think they will lose something of value as a result.
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•   Misunderstanding and lack of trust: People
also resist change when they do not understand
its implications and perceive that it might cost
them much more than they will gain.
•   Different assessments: People assess the
situation differently from their managers or
© 2016 The Karen Martin Group, Inc.

those making (or initiating) the change.
•  

Low tolerances for change: People resist change because they fear they will not
be able to develop the new skills and behavior that will be required of them.

The literature also shows that senior leadership would provide the best example to create
a vision and an inspiration for the employees to change their thoughts and behavior and
strengthen the organization’s capacity for change (Klarner et al., 2008; Oxtoby et al., 2002).
Companies get too complacent and want to keep things the way they are. Some of their excuses
include: we have always done it this way, we cannot get funding, we tried that before, and worst
of all: it cannot be done.
A transformational leader must possess the tenacity to stir the company culture, change
employee thinking, and change management (including those in executive positions) from the
current “siloed” way of thinking into a highly flexible and adaptable leadership team while
creating a new vision for them to follow (Drucker, 1994). This is accomplished by teaching each
element interacts with every other element. Over time, silo management will be eliminated, and
replaced with greater communication. Organizations must learn to develop creativity and
flexibility in order to adapt to the constantly changing events in this turbulent business
environment (Burnes, 2004). Unfortunately, there is little understanding of “why” CEOs choose
not to transform their organizations to achieve sustained high-performance
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Traditional Leadership

Lean Leadership

Function Silos
Interdisciplinary teams
Managers direct
Managers teach/enable
Blame people
Root cause analysis
Rewards: individual
Rewards: group sharing
Supplier is enemy
Supplier is ally
Guard information
Share information
Volume lowers cost
Removing waste lowers cost
Internal focus
Customer focus
Expert-driven
Process driven
Table 1 Traditional Leadership versus Lean Leadership
levels (Emiliani, 2000). Lean improvement has been perceived as an inhibitor to an
organizations’ ability to innovate, as the focus is on improving existing products, services and
processes, rather than on finding new ways of doing things (Palm, Lilja & Wiklund, 2014). As
much as management wants to break away from the siloed way of thinking and explore the
options with Lean, those in executive positions have not shared the same thoughts. According to
Emiliani (2017), he states that after 30 years, even the best Lean innovators in the world,
Womack and Jones, have been unsuccessful in getting CEO’s of large corporations interested in
Lean. They still prefer the classical approach to management as opposed to the Lean
management style. (See Table 1 for a list of differences between traditional and Lean
management style). This obstacle makes the job of a transformational leader that much more
challenging. Many organizations (including health care) have difficulties in successfully
implementing and maintaining Lean processes and achieving sustainable change results by
improving quality and safety while simultaneously lowering costs (Adler et al., 2003; Dahlgaard
et al., 2011).
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Barriers to Organizational Transformation
Reviewing the current literature shows that instead of merely implementing technical
Lean tools, the entire organization must be transformed to function and be based upon Lean
principles for sustainable change success (Kaplan et al., 2014). One of the first challenges to
overcome is getting all of the executives (or decision
makers) together for weekly meetings. In Leading
Change (2012), John Kotter listed the eight most
frequent barriers:
Complacency
Lack of powerful guidance
Weak or no vision
Failure to communicate the vision

Source:Leadershipissues.com

Allowing obstacles
No short-term wins
Stopping too soon
Failing to create a culture of change
According to Abraham et al., (1999) the key factor in achieving a successful change to a
quality culture was management support. They state "managers must be perceived to support the
change through communication, resource allocation, and recognition/reward." This factor was
reiterated by Mclaren in 2002 when he stated that some of the significant obstacles to change
were poor communication, lack of employee empowerment, and an inadequate performance
review system.
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All of these have one thing in common - they are all under the control of the
administration. Implementation usually requires senior leadership who can lead the organization
through the transition period. If the company’s leadership (especially senior leadership) is “all
in,” then the projects will move ahead with less friction. However, if the leadership continues to
operate in a “siloed” management style in their organization, this may hinder staff flexibility in
adapting procedures, processes, behavior, and skills when implementing Lean health care and
optimizing the total process flow (Drucker, 1994).
One way for the changes to become permanent is to perform “incremental innovations”
that are smaller changes which are easier to implement. These changes will not show the
significant benefits that a radical change would; however, they do have several advantages: the
management and employees will readily accept them, they do not disturb the company culture,
and several smaller changes can be implemented over a shorter time span; the cumulative effect
of many small modifications over time will produce an overall significant effect (Varadarajar,
2009). Successfully executing simple projects will foster a sense of trust and a new collaborative
atmosphere between management and the employees. Eventually, the organization will become
more efficient, and this will also instill greater confidence in management that will enable them
to take on larger, more complex projects that will result in more substantial savings and, with
constant refinement, allow the changes to become sustainable (Hwang, Hwang & Hong, 2014).
The barriers to Lean implementation could be overcome with upfront planning,
transformational leadership, excellent communication, identification and sharing of best practice
and, above all, a shared vision (Grove et al., 2010). Previously it has been stated, Lean had its
founding in the manufacturing world and is focused on product flow and value while reducing
waste. The myopic view that Lean applies only to manufacturing is outdated (Trent, 2008). Lean
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is promoted as the single most transformative process that a company can implement for
operational excellence. Most waste can be eliminated without kaizen events (Fine et al., 2009)
defined as small, continuous process improvements and elimination of waste will yield
substantial results over time. However, if there is to be a radical change to the process, then the
tool of choice is the A3 (see example on page 66). This tool was developed by Toyota and was
named solely due to the size of the paper that is used (11.7 x 16.5 inches) which is the largest
that can be used with copiers and fax machines (Liker, 2004). It has two goals: provide the
audience with the visual representation of the current process and demonstrate the problem
(Martin, 2011). The chart begins with a theme (or title) and also the person responsible (usually
the champion). The chart is organized into two sides. The left side provides an outline of the
problem that includes background, current conditions, target conditions, and root gap analysis.
The right side states the solution process that provides for the implementation, and cost analysis
plan (who is responsible for what), confirmation that the project was implemented and followup. This document is kept in the open so that it can constantly be updated. In many companies,
handwritten A3’s are especially welcome (Bassuk & Washington 2013). It must be remembered
that the A3 is just one of many tools of Lean. The power of change does not come from the use
of tools but rather from the development of the culture and mindset required for the
implementation of Lean processing in the company (Sobek II & Smalley, 2011). Another
component of Lean and an example of change of company culture is employee empowerment
(Lindsey, 2017) by allowing them to make suggestions, changes, and improvements to the work
process.
Lean production is no longer exclusive to manufacturing companies. Lean health care is
used in a growing number of hospitals to increase efficiency and quality of care and has emerged
in recent years, reflecting a stronger focus on performance and patient satisfaction within the
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health care environment (Dahlgaard et al., 2011). The management practice of Lean has become
one of the most commonly used improvement approaches in health care (Walshe, 2009,
Poksinska, 2010) and focusing on waste provides the company with an outstanding opportunity
for improvement (Wong & Wong, 2011). Another pillar of Lean is to understand value from the
customer’s perspective. From this viewpoint, the activities that do not create value should be
identified and eliminated (Womack and Jones, 1996).
Lean has been around for more than 70 years. Why has it taken so long to make the move
from manufacturing to health care? The most frequently mentioned barrier to Lean
implementation in health care is the staffs’ disbelief that Lean can be applied in a health care
setting due to its origin in the automobile industry (Fillingham, 2007, Kim et al., 2007).
One of the major challenges for management is the “human” factor. People have an
inherent adverse reaction to change. The single best and most proven way to make it successful
for the employees is to involve them in the change process. Utilizing kaizen will allow
employees to participate and become more proactive rather than reactive. There are many
documented instances where employees once dead set against the changes became cheerleaders
for the changes once they became involved (Sprick, 2011). One of the essential leadership
challenges is to keep executives, and the entire organization focused. Many executives have a
full plate of priorities and meetings on Lean process are not one of them (Emiliani, 2017).
Dr. William Edwards Deming
Many scholars have stated Dr. Deming is the father of Lean processing and the quality
movement. He was born in 1900 in Sioux City, IA and earned his doctorate in mathematics and
physics from Yale University in 1928. Deming promoted his “System of Profound Knowledge”
which included systems thinking, understanding variation, human psychology and the theory of
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knowledge. He advocated these concepts to American automobile industry but was not well
received. In 1951 he was sent to Japan by General Douglas MacArthur to assist with the
Japanese census. While there, he was approached by several Japanese engineers to speak about
quality and his management theories. He taught them about the concepts of variation and quality
control (Putnam, 2007). The lessons taught by Dr. Deming allowed the Japanese automobile
manufacturers to design and build a vehicle superior to those manufactured in the US (Bertel,
Rath & Strong 2003). By the 1970’s, the US automakers were on the brink of bankruptcy due to
inferior quality products. They requested Dr. Deming to come and help them. He was in his late
70’s and was the force behind their comeback by instituting his lessons in quality. Dr. Deming
continued to work, write and teach up until his death in 1993.
While he was teaching in Japan, Dr. Deming along with Dr. Joseph Juran devised 14 key
points (see Appendix A) which became known as the “Theory of Management.” By the 1970’s
these 14 points would evolve into what is now known as Total Quality Management (TQM) in
the US. Although they were written in the1950’s for automobile manufacturers in Japan, they
may be adjusted for use in health care (or almost any other industry).
When he was in Japan, he also met a Chinese engineer who worked at Toyota, Taiichi
Ohno. Mr. Ohno came up with the idea of Just in Time (JIT) in 1953 when he observed
customers at a grocery market choose the exact product in the exact amount at the exact time it
was needed. This concept became the cornerstone of Lean process that is used in manufacturing
and many other fields as a way to reduce waste (Kaizen Institute, 2016).
Review of Six Sigma
The health care industry is still in the early stages of evolution about six-sigma. There are
many references in the literature that refer to “Lean/Six Sigma” together as if they are
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interchangeable. While they are similar, they are two different fields of study. Six Sigma and
Lean have many similarities including their origin. Like Lean, Six Sigma is a Deming-inspired
business management strategy tools. Six Sigma seeks to eliminate waste and improve the
bottom line by a reduction in defects and process variation. Lean spotlights waste reduction by
focusing on efficiency and continued process improvement (Andersson, Eriksson & Torstensson,
2006, Lawal (2014). The differentiator is where each of the methods is applied. Complex
processes such as pharmacy operations and patient discharge lend themselves to the complex
requirements of Six Sigma. Bottlenecks in laboratory and surgical operations are more efficiently
handled with Lean methods. The reason why these concepts are sought after is due to the
positive financial impact they can have to the bottom line of a company (Andersson et al., 2006).
Six Sigma was conceived in 1985 by William Smith, Director of Quality at Motorola.
The process was put into action by Robert Galvin, CEO of Motorola in January, 1987 and
championed at General Electric by Jack Welch in the 1990s. It made its debut into health care in
the early 2000’s (Sehwail & DeYong, 2003, Birknshaw, 2006).
Six Sigma uses tools such as root cause analysis (Raisinghani et al., 2005) and a specific
process, DMAIC (Define, Measure, Analyze, Improve & Control) along with statistical
evaluation to demonstrate the effectiveness of the process. This systemic approach creates
highly effective solutions that may demonstrate a reduction in defects, and improve costs, which
yield excellent results for patient care and the bottom line. Six Sigma is not a business strategy;
it is a powerful enabler of business strategy (Burton & Sams, 2005).
Six Sigma projects are costlier, more complex, and usually much more extensive than
those used in Lean (Matthew, 2013). These projects can take months to construct and years to
show results. The results are usually much more radical than those seen in Lean. Integrating the
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Six Sigma culture into entire organizations by the commitment and involvement of top
management can multiply the positive effects and make a significant impact at all levels. A high
level of internal communication is also necessary to facilitate the implementation of Six Sigma.
The goal of Six Sigma is to reach a defect rate (errors) of 3.4 per million opportunities (6sigma). This goal may sound unachievable; however, in July, 2017, ARUP Labs of Salt Lake
City, Utah reported that they had achieved Six Sigma level with lost specimens. This goal took
ARUP 25 years to accomplish and resulted in much more automation and constant process
changes and updates (Messinger, 2017).
One of the major differences between Lean and Six Sigma is the time to implementation.
Lean processes can be implemented in a matter of weeks and see real results in a few months.
Six Sigma processes may take months to implement with results seen within the first year.
By employing the tools and processes presented in Six Sigma, management can get a
grasp on costs and quality and over time, improve both. These improvements will require
constant monitoring and leadership experienced in change management to keep the process
initiatives moving in the right direction.
Lean has been around for a century. It was designed in Japan in 1902 by Sakichi Toyoda.
He invented an automatic looming machine that had a unique feature – the machine would stop if
the yarn broke. The Platt Brothers of England paid 1 million yen for the rights to the loom; this
was later used as seed money to fund the Toyota Motor Company. This idea still exists today at
Toyota Motor plants around the world as any worker on the assembly line can “pull the string” to
stop the line if they spot an error. Management will investigate the source of the error and have it
corrected immediately. This process maintains quality, avoids waste and unnecessary expenses.
It also creates a culture that does not pass along defects. The above scenario is precisely the way
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it works in many operating rooms. From the scrub tech to the senior surgeon, if anyone realizes
a problem, the procedure is stopped, the matter investigated and corrected before the procedure is
resumed. Unlike the manufacturing world where products may be recalled by the manufacturer
for defects, poor quality in health care may result in the death of a patient. As a side note, the
founders of the company wanted to remember the company’s heritage of being in the textile
industry. A closer examination of the Toyota symbol will see that it represents a piece of yarn
pulled through the eye of a needle.
The Lean and Six Sigma methods have proven
themselves in manufacturing for decades, and their use is
becoming increasingly popular to eliminate waste, control costs
and improves efficiency in many other disciplines, including
health care. All of these will improve customer relationships and
Source:YLL.com

satisfaction.
The Deming Cycle
In the 1930’s, Dr. Walter Shewhart from Bell Labs was a mentor to Dr. Deming. He
designed a simple way to institute change in manufacturing plants. Those techniques were
adapted by Deming to be used for a variety of businesses outside manufacturing. This method
became known as the “Deming Cycle.” It is a four-phase continuous improvement Model that
has been used for decades (Baker et al., 2009; Liker and Franz, 2011). One of the founding
principles of the Deming Cycle is that the experiments are suggested and executed by the
employee who performs the work. This carefully crafted approach will facilitate employee buyin, and that will give the process ownership and make it personal. Adopting this philosophy will
change the company culture without management doing anything (Spear & Bowen, 1999).
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•   Plan: Do not make a change until you fully understand the current situation.
•   Identify the problem
•   Explore the problem- determine the root cause
•   Consider potential solutions
•   Do: Perform a small-scale test of the change. Test the results of the change and observe
the outcomes.
•   Check: Reviewing the change, monitoring the outcome and evaluating the results
•   Adjust (or Act): Modifying and evaluating the results. Based on the results of the test,
either keep what you have, make adjustments and continue or test new ideas.
Not every change will be optimal. The ability to recognize suboptimal decisions and
make necessary changes is foundational to the Plan-Do-Check-Act cycle that is the basis of
quality improvement in most systems. In health care, the PDCA cycle is implemented to achieve
the following: reduce cost, increase patient satisfaction and enhance employee satisfaction.
Waste Reduction in Health Care
According to Ohno (1978), not all waste in a process is wrong. This type of waste is
termed “non-value added, but required” (Emiliani, 1998). The following do not add any value to
the product, but are required to get the product to the customer: administration (in any capacity),
proactive measures to improve quality and prevent errors throughout the laboratory, expenses for
inspections and maintenance, internal failure expenses when something has gone wrong with the
process, and external failure expenses when the results have left the laboratory and failed to meet
the requirements of customers for whatever reason (Plebani, 2006).
The opportunity for waste reduction in health care is enormous (Berwick, 2012) and is
increasing every day. In 2011, waste in US health care for only two categories (out of six): fraud
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and administrative complexity (payers and government rules and regulations) cost $1.3 trillion.
The Center for Medicare and Medicaid (CMS) states that in 2016 health care expenditures were
$3.3 trillion,17.9% of the US gross domestic product (GDP) and project it to reach $5.7 trillion
(20% of GDP)by 2026 (CMS.gov, Shatto, 2011). Value will not be achieved until the
laboratory develops a process management perspective (vanRossum, et al.,(2015).
As hospitals and laboratories look for ways to trim expenses and cut costs, it would do
management well to focus on increasing efficiency, and improving the quality and service of the
hospital or laboratory. Laboratories are in a perfect position to have high quality at the lowest
reasonable cost. A properly understood and managed quality cost system will aid organizations
in realizing costs savings while avoiding some of the pitfalls that can accompany cost cutting:
decreases in product or service quality, increased customer dissatisfaction, added rework costs,
or simple shifts in costs from one area to another (Wood, 2007). The investment in quality is
justified with funds that would ordinarily be paid for waste and errors.
What laboratories, hospitals and health systems should not do is maintain the status quo,
especially if they already know it is not working. They should not divest laboratory outreach or
laboratory services unless the situation becomes critical. According to Lale White, CEO, Xifen:
“The laboratory industry is facing an unprecedented financial challenge. Just trimming
costs will not replace the lost revenue. The old processes will not work well, and as a result,
many of the small laboratories may close.” (L.White, personal communication, October 24,
2017).
This new rate structure represents a dramatic shift in the way laboratory tests are
reimbursed (CMS.gov), and this will have an exceptionally strong effect in the rural areas of the
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country where the majority of patients are on Medicare. This impact will also include the
nation’s nursing homes which rely on Medicare.
Given the free-spending attitude and culture of the 1980’s and 1990’s, laboratory
administrators continue to have a bad habit of “throwing money at a problem makes it go away”
attitude. An excellent example is hiring far more people than is necessary to do the job due to
poor efficiency (Womack & Jones, 1996). Laboratories and health systems (such as Virginia
Mason and Henry Ford Hospital) that foresaw this took action in the form of instituting Lean
processes and instilling a culture of cost containment (Bently et al., 2008, Zarbo et al.,2017).
According to Ohno (1988), laboratories are being called on to add value, cut costs and
improve quality simultaneously. To face the impending challenge, Lean is ideally suited to
address them (Kotter & Schlesinger, 1979). New laboratories should follow Lean principles to
be efficient from the beginning (Buesa, 2009). Laboratory management is currently addressing
the comprehensive challenges put forth by Medicare. To improve their bottom line laboratories
are employing three methods simultaneously: increasing efficiency, increasing revenue, and
decreasing costs. One can only cut costs so far before placing sustainability of the company in
peril (Grout & Toussaint, 2010). Utilizing the principles of Lean allows laboratories to become
more efficient and have control of costs at all steps in the process (Zarbo, 2017). In the age of
moving from fee-for-service to a value-based payment system along with decreasing
reimbursements, laboratories that are inefficient, or those that underperform, risk being
purchased by a competitor or being driven out of business. Lean management provides a
foundation for systems improvement, with a focus on the patient as the one who defines value.
Thus, a total systems approach to quality, safety, cost, and delivery of care, such as Lean
management, may provide a valid basis for customized patient care (Zarbo, 2012).	
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Chapter 3
Methodology
Research Design
This study will use an exploratory single-case study design to examine the potential
influence of Lean process on laboratory operations. The aim of this research is to present several
different Models that demonstrate specimens can be transported to the laboratory from a hospital
or clinician’s office over 300 miles away. Multiple factors are considered in inbound
transportation logistics (i.e., existing courier routes, distance from regional and branch
laboratories, cost options, and specimen stability). A Lean methodology will be employed to
examine options for a more efficient process than is currently used.
Study Site
Our study was carried out at SEPA Labs located in Brunswick, Georgia. The laboratory is
affiliated with 29 hospitals in three states (Georgia, Florida, and Alabama). The professional staff
consists of 41 pathologists and over 125 supporting staff and management employees. The
facility is in operation 24 hours a day Monday-Saturday. The laboratory processed
approximately 150,000 specimens in 2017.
Data Collection
Case studies are done to understand real-world cause in a contemporary time. Several
methods were used to conduct the collection of data for this study. Lean research primarily
involves direct observation. Data sources include observation of the flow of people, products,
procedures, and paper to see how the current process works (or is not working). The observations
may happen over the span of a few days to a few months. In addition, employees and managers
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were interviewed. Information that was collected includes: How does the current process add
value and can it be changed? Would a change in the process affect customer service or another
area of the business? Observations were documented through research notes. Interviews of
industry professionals were also conducted. No single source has complete advantage over the
others.
The proposed Models were identified based on efficiently expediting the specimens to the
laboratory quicker than the present process. Several factors such as the courier’s arrival time
(after 2:00 a.m.), the cost of the courier ($385 per night) and the cost of the idle time the staff
encounters each night were evaluated. The cost data was derived from glassdoor.com for salaries
of couriers and clerks. Salary information for grossing and histology was retrieved from
ASCP.org. Please note all information is based on the 2018 business calendar which has 261
business days.
Proposed Models
The first Model reflects no change to the current process. The second Model utilizes
Delta Cargo to transport the specimens. The third Model uses parcel (FedEx/UPS). This Model
represents the best choice if the laboratory wants to expand regionally, nationally or globally.
The fourth Model takes Model two and adds accessioning the specimens at a satellite office
located close to the airport in Atlanta. All of the Models are thoroughly explained in chapter 4.
Data Analysis
To examine the influence of Lean methods on laboratory operations, we use the Franklin
Paired Comparisons Method to weigh the pros and cons of each (see Table 4). The analysis
includes comparison of the key elements of the decision process, each weighted to reflect their
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relative importance. The decision process is represented in a visual format: On the left side add
each of the important items (elements). In the next column, give each of the elements a weight of
how important they are. In the third column, add in the elements that are graded and the fourth
column is the multiplied product of columns two and three. The final step is adding all of the
products. The selection with the highest total will indicate the best selection.
When the information about transporting specimens is placed into a table matrix (see
Table 3), it reflects several choices (Models) with different variables (elements). The Models
were scored by how efficiently the specimens arrived at the laboratory, the least amount of time
the staff had to wait for them, cost for both transportation and the employees, and how much
impact several of the factors had on the operation.
In addition, we examined the Failure Mode Effects Analysis (FMEA) of each Model (see
Table 2). The FMEA analysis is a proactive tool designed to see what could happen when a
failure in a process occurs. The tool measures what could go wrong, why the failure would
happen and what the consequences would be. The prime function of the tool is to be prepared
when something does occur rather than reacting following the adverse event. This tool is
designed to be used on small scale processes and not an entire hospital.
Finally we examined the cost, net profit and sales equivalency. Every dollar saved
through cost reduction is far more valuable than the dollars that come from sales. Commissions,
the actual expense of the products or services sold, administrative and overhead costs reduce the
revenue earned by sales. After all of these expenses are subtracted, the remainder is known as net
profit. Looking at this from a different angle, we can calculate the sales equivalency.
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Chapter 4 Results
Study Setting
A distance of 307 miles separates our example cities (Atlanta and Brunswick). Both cities
have access to a highway and an airport. The distance from Atlanta to Brunswick is roughly the
same from Providence, RI to Baltimore, MD. Also, there are some specialty laboratories that not
only receive specimens from all over the US but internationally as well. The Models depicted
here may be adapted for use between any similar cities.
The city of Atlanta is in the northwest corner of the state of Georgia. With a population of
5,710,795 (2016 census), Atlanta is the ninth most densely populated city in the US. HartsfieldJackson International Airport has been designated as the busiest in the world for the past 19 years
serving more than 100 million passengers a year (Mutzabaugh, 2017, Lapin & Massarella, 2017).
There are 24 hospitals employing over 3000 physicians. In the downtown metro area and
extending for a periphery of 5 miles, the traffic is in a constant state of gridlock almost 24 hours
a day.
The city of Brunswick is a coastal community in the southeast corner of the state about
307 miles from Atlanta. It is located less than 30 minutes from the Florida state line and is home
to 16,000 citizens (US census.gov). There is one hospital and one airport with one gate served by
one airline (Delta). There is virtually no traffic even during “rush” hour.
Specimens are collected from surgery centers, physician offices, and hospitals in Atlanta
and the surrounding cities by a fleet of six couriers that visit specified clients every day
(analogous to a door-to-door salesman) and some only when the clients call for a pick-up. The
specimens are then driven to the central laboratory (in Brunswick) to be analyzed.
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The clients are grouped into several regions, each of which is serviced by one of the
couriers. The drivers visit the sites according to a predetermined schedule and return to their
originating point at the end of their route. Medical couriers usually stay within a predefined
radius from the hospital or laboratory (just a few miles to 90 miles) and laboratories in large
cities may have many clients within a few blocks (usually surrounding a hospital or surgery
center). Once outside the city, it may be several miles before the next client. Large central
laboratories may serve multiple hospitals within the state and can expand to bordering states or a
national level. Specialty laboratories (such as toxicology or genetics) may only have a few local
clients and receive the remainder of their specimens from clients all over the US or globally via
parcel (UPS and FedEx).
Achieving a high level of customer service can be possible only if the logistics of the
collection and delivery of specimens to the laboratory is well planned and executed efficiently.
Additionally, clinical testing companies cannot prioritize or refuse to serve customers based on
profit concerns to maintain market competitiveness or due to ethical obligations.
Proposed Models
Current Situation
The significant inhibitors of workflow in the laboratory are work in the queue, batch
processing, and transportation. The company must make the process responsive to providing the
product or service only when the customer needs it. The simplest way to solve this problem is to
align staffing to coordinate with the workload. A more challenging approach is to modify the
arrival time of the workload.
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The company has six couriers in Atlanta and surrounding cities (Athens, Columbus, and
Milledgeville) that collect specimens throughout the day. At the end of the day (approximately
6:30 p.m.) these couriers meet at the southeast side of Atlanta and transfer the specimens to
another courier who drives to Brunswick arriving around 2:00 a.m. Several employees have been
idle for four hours as the last previous batch of specimens arrived at 8:00 p.m. and by 10:30 p.m.
most of the specimens have made it through dissection and are now in histology.
An average of 40 specimens per day is received from Atlanta. More than 95% are small
biopsies (skin, GI & prostate). The total weight (specimen, jar with formalin, requisition and
plastic specimen bag) is 26 grams (17 specimens per pound). There are only one or two larger
specimens (appendix or gall bladder) and no major resections. All of the specimens are in sealed
containers containing 10-20 ml of formalin. As long as the container is intact, the specimens will
remain viable for testing almost indefinitely.
The six couriers that drive around the city and surrounding area cost approximately
$1375 per day ($358,875 per year). The charge for the courier heading to Brunswick from
Atlanta is roughly $385/night ($100,485/yr). The annual cost for courier transportation for
Atlanta and surrounding areas is $459,360. The expense for the idle time at the laboratory for
three departments waiting four hours for the courier to arrive is approximately $1276.00/night
($333,036/yr). Note this only represents the time waiting and not the additional time it takes to
process the cases when they arrive, shift differential or over-time. The estimated annual expense
for transportation and waiting for west Georgia (including Atlanta) is $792,396.
Model 1: Retain the Present Process
The present process has the couriers drive around the Atlanta region picking up
specimens from clients and then driving more than 300 miles to Brunswick. This arrangement
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allows the laboratory to receive and process specimens during the overnight hours and have them
ready for the pathologists by mid-morning the following day. The specimens are always in the
possession of a laboratory employee which makes losing one only a remote possibility. The
specimens arrive unaccessioned, and it takes about an hour and a half to two hours for all of the
specimens to be entered into the LIS, sent to grossing, and finally histology. If there is a problem
(such as missing information), the case will be put aside until the physician’s office can be
contacted the following day to correct the issue.
On the surface this process sounds plausible; however there are several significant
drawbacks: there is significant idle time (almost 4 hours per night) in three different departments,
no consistent workflow and it is costly. As the sales team keeps obtaining new clients, the
courier will arrive later in the night creating additional idle time. By retaining the current
process, the waiting and expenses presently incurred will be extended.
The advantages of this Model are:
•   The specimens never leave the custody of a laboratory employee.
•   The specimens will be at the laboratory that night for diagnosis the following day.
•   Weight does not matter. If the box containing the specimens weighs two pounds or forty
pounds, the charge is the same.
The disadvantages of the Model are:
•  
•  
•  
•  
•  
•  
•  
•  
•  

Very expensive.
Long idle time at the laboratory.
Adding additional clients will increase arrival time at the laboratory.
Very inefficient.
The courier is subject to weather and traffic conditions.
No consistent workflow.
An accident or mechanical breakdown may add hours to the arrival time.
Must purchase and use DOT approved shipping containers.
Must follow and comply with all DOT rules and regulations.
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Model 2: Fly the Specimens to the Laboratory (via Delta Cargo)
On May 1, 2017, Delta Airlines Cargo division expanded the Delta Dash program to
include health care. Dash Critical / Medical is a fully GPS-enabled, same-day service offered by
Delta Cargo. The service provides real-time tracking and monitoring from drop off to pick up of
the shipment, customers can ship items up until 45 minutes before a scheduled flight departure,
and there is a guaranteed 45 minutes offload time. (See Appendix H for a comparison of the
three selections offered by Delta Cargo). In order to utilize Delta Dash Medical/Critical, the
service must be available at the originating airport. It is not required to be at the destination
airport. If delivery is affected by irregular operations, such as limited flying due to bad weather,
the monitoring team at Delta Cargo will contact local airports and the shippers to help coordinate
all of the shipments.
The program is currently serves 89 cities in the US and is expanding in 2018. To use
Delta Dash Medical/Critical, Delta Dash or Delta Cargo, the laboratory will have to become a
“known shipper.” This process is accomplished by the laboratory administrators completing an
online form (see Appendix H) that is sent to Delta and the FAA. The laboratory (physical
structure) and the personnel must pass a background check and complete an on-site inspection by
the Federal Aviation Authority (FAA) and the Transportation Safety Administration (TSA)
before being approved by Delta Airlines, the FAA, and the TSA. This entire process takes
approximately ten business days.
Once completed, shipping the specimens becomes straightforward. All of the specimens
must be properly packed and labeled (following FAA guidelines) in proper shipping boxes (see
Appendix E for regulations) before dropping them off at the Delta Cargo facility in Atlanta. The
cost varies for an 11- 25-pound package between $142 (Delta Dash Medical/Critical), $92 (Delta
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Dash) and $60 for standard delivery (see Appendix G). The difference is how long the package
can be dropped off before the flight departs at the originating airport and how soon it can be
retrieved at the destination facility. Since our example airport is located in Atlanta, the latest
drop-off time for Delta Dash, Medical/Critical is 45 minutes, Delta Dash, 60 minutes and Delta
standard 2 hours. Since the destination airport (Brunswick) is small, all three methods of
delivery will be ready at the same time. However, if the destination airport is larger (example:
Miami), the Delta Dash Medical/Critical will be at the cargo hold in less than 45 minutes while a
package shipped via standard delivery may take over two hours to be retrieved.
Our study laboratory is located approximately ¼ mile from an airport. The laboratory is
also situated 45 minutes from the airport in Jacksonville, Florida. The flight time from Atlanta to
Brunswick is 44 minutes and to Jacksonville, 56 minutes (FAA.com, Delta.com). There are three
flights a day to Brunswick and eleven to Jacksonville (see Appendix B). The specimens have to
be at the Delta Cargo facility in Atlanta 45 minutes before the flight. Due to the size of the
Brunswick airport, the specimens will be available immediately at baggage claim upon arrival.
Since the airport in Jacksonville is considerably larger, it will take approximately 30 minutes for
the specimens to become available.
By employing this Model, there will be significant changes to laboratory operations. The
leadership will have to instill a new sense of culture and attitude with the employees, the
pathologists and the clients. Since the specimens will be arriving up to four hours earlier, all of
the laboratory operations will have to be adjusted. All of the specimens will be accessioned and
sent to the gross room before 10:00 p.m. (currently 2:30 a.m.). The accessioners that currently
work until 3:30-4:00 a.m. will finish at 10:30 p.m. therefore not as many employees will be
required. Grossing operations (currently scheduled until 4:00 a.m.) and transcription will finish
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around midnight. Since the specimens will be arriving earlier, they will be sent to histology
approximately four hours earlier. This will allow all of the cases to be ready by 6:00 a.m. (as
opposed to the current 11:00 a.m.) for the pathologists. These changes will allow the pathologist
the opportunity to confirm diagnoses earlier in the day. If the clinician receives the diagnosis
earlier, they can begin treatment (if needed) a full day sooner. If the cases go to a pathologist at
a satellite location, the courier can leave several hours earlier.
This Model offers a tremendous amount of potential savings combined with eliminating
inefficient processes and increasing revenue. The combined savings of receiving the specimens
earlier (no idle time) and replacing the courier would be approximately $409,509 per year. This
amount is determined as follows: Using Delta Dash (11-25 pounds) = $92 (Appendix G) and
multiplying by the 261 business days in 2018 yields the following: $92*261 = $24,012 per year.
Subtracting from the annual courier charge ($100,485) returns a difference (savings) of $76,473
per year. Since the idle time is eliminated, this represents an additional $333,036 in savings.
Together, this yields a total savings of $333,036 + $76,473 = $409,509 per year. If we applied
the industry average net profit margin of 1.11%, this would yield a sales equivalency of $36.9
million.
The advantages of this Model are:
•  
•  
•  
•  
•  
•  
•  

One third (or less) the cost of a courier.
Specimens would be at the laboratory approximately four hours earlier.
All specimens would be ready for a pathologist before 6:00 a.m.
Creates a smooth operation and consistent workflow.
Elimination of inefficient processes.
Savings in labor (waiting) alone would amount to over $333,036/yr.
Savings concerning the courier would be approximately $76,473/yr.
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The disadvantages of the Model are:
•  
•  
•  
•  

Specimens are not with an employee at all times.
Specimens could get lost.
Flights could be delayed, diverted or canceled (laboratory would be notified).
Weight matters. The prices quoted are for an 11-25-pound box. The cost increases
substantially as the weight increases.
•   Due to efficiency, may lose employees.
Model 3: Use Parcel (UPS/FedEx) to Replace the Atlanta-Brunswick Courier.
Most laboratories already have an account with both Federal Express and United Parcel
Service. It would be straightforward for the couriers to collect the specimens from the clients,
pack them in a DOT approved, appropriately labeled box (see Appendix E), adhere a preprinted
shipping label and take them to a drop off facility (FedEx or UPS). Alternatively, have the parcel
company come to the client for pick-up. Collection can be either from inside the client’s office or
from a lock box. Speaking with the representatives of both companies, they can have the
specimens to the laboratory by 8:30 a.m. the following morning from anywhere in the US. The
cost for a fifteen-pound box is $80 for UPS and $61 for Federal Express Custom Critical.
According to the local FedEx personnel, if the package is intrastate and the package can be
delivered anytime during the next business day, the cost will be $11. [Note: The expenses stated
in this report are as a walk-in customer. The actual costs will be much lower due to the
laboratories negotiating contract prices with the parcel companies which are always far less than
the walk-in rate.]
Utilizing parcel (either UPS or FedEx) is not only very simple and relatively
straightforward; it is also the choice of many of the major laboratories in the US and represents
their lifeline. All of the large laboratories, including LabCorp, Quest, The Cleveland Clinic
(Cleveland, Ohio), ARUP Lab (Salt Lake City, Utah), and Maraca Life Laboratories (Dallas,
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TX) receive millions of specimens per year not only from around the US but from around the
globe. All rely on both FedEx and UPS to keep the specimens moving seven days a week.
The one possible obstacle to this process is the client will have to be responsible for
packing the specimens in the box, fill out the shipping form and call FedEx/UPS for a pick-up.
This is a step many physicians and their staff are unwilling to perform. A solution may be to
have a local courier perform the collection, pack the box, fill out the forms and take it to the local
FedEx/UPS drop-off center.
As an example, Quest and LabCorp each use couriers within the city in they are located.
If their client is located outside the area serviced by couriers, the client ships the specimens to the
laboratory via Federal Express. According to Wesley Bethard, Sr. Vice President of LabCorp:
“Federal Express is a safe, secure, cost justified way to transport specimens and consult cases
and all specimens are tracked to their destination. Because LabCorp is also one of the largest US
logistics companies, we have multiple options available to us based on business needs” (Personal
communication, November 1, 2017).
All of the specimens have tracking in place, and their exact location is viewable on a
dashboard. This dashboard is multi-platform and can be viewed on a desktop, laptop or mobile
device. The dashboard will not only tell where the specimens originated from and their
estimated arrival at the laboratory, it also displays temperature monitoring.
This Model allows even a local laboratory in New England to have a national presence.
Joseph Gagleoni, (former Director of the Laboratory, Miraca Life Sciences Boston, MA)
commented:
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“We would receive specimens from almost every state in the US including Alaska. The
UPS truck would arrive before 8:00 a.m. and contain hundreds of specimens from all over the
US that were taken the day before. By the end of the day, most if not all of the specimens were
processed and sent to the pathologists for diagnoses.” (personal communication, October 25,
2017).
The diagnoses are available to the client via a secure portal or by fax. As an example of
efficiency, a specimen sent from the west coast on Monday will have a diagnosis before the
client closes for business on Tuesday. This story was echoed by Mark McSally, Esq. (COO and
General Counsel, Dominion Diagnostics, North Kingstown, RI). His company receives more
than a million toxicology specimens from around the country every year, and while there have
been a few leaky specimens, none have been lost, and all are issued a diagnosis within one day of
receipt (personal communication, October 25, 2017).
Speaking with Richard Daniel from AnatoPath Laboratory Consulting based in Ft.
Lauderdale, FL, he has several company-owned courier vehicles that travel a radius of 10 miles
from the laboratory. All other specimens are received via FedEx (personal communication,
October 24, 2017). Ryan Hickey, a physician assistant from the University of Maryland at
Baltimore, states his couriers drive no more than 30 miles from the university to collect
specimens. They do not use a parcel service (personal communication, October 24, 2017).
Finally, Christopher Goodwin, Anatomic Laboratory Manager, TriCore Reference Laboratories
Albuquerque, NM states the couriers retrieve only the local accounts and everything else is
received via FedEx (personal communication, October 24, 2017).
In conversations with all of these leaders, they agree laboratories that want to expand
their practice should not remain confined to the borders of their city or state, but expand to a
national level and the only way to do this is to utilize the services of FedEx and UPS. Once the
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infrastructure coupled with Lean processes are in place, expansion across the country (and
internationally) is just as easy as expansion across the state. Specimens that arrive from the local
hospital are processed at the same time as specimens that came from a hospital 3000 miles away.
The laboratory will be able to log into their account and see what type of specimens are arriving
from which client, how many are in transit and where they are located at that exact moment.
The Model may be limited only to the Atlanta-Brunswick courier or be expanded to
include all of the couriers (except the local routes). This scenario will open up a whole new
world of opportunities for the laboratory as it will allow the client base to be expanded
worldwide. This would represent a quantum leap of value and performance that would be
unmatched by remaining confined to one city or one state.
With UPS and FedEx handling the logistics of transporting the specimens, administration
can focus on obtaining new clients (local and national) and making sure the laboratory is
operating at peak efficiency. It will take time for administration to obtain the licensure of the
pathologists for each of the states that the specimens originate for legal diagnoses (Lusky, 2009).
Also, administration must prepare for the bureaucracy that will be encountered as the laboratory
would have to obtain signed agreements with Medicare and other third-party payers (insurance
companies). This Model also calls for a significant shift in the company culture. Due to
increased efficiency, the laboratory may lose employees however, if the company expands
(regionally or nationally), it may have to hire additional employees.
If laboratories utilize parcel service, this will add additional mandatory regulations and
responsibilities. Since the specimens will be exposed to the public, additional safety and integrity
processes must be in place to protect them in the event a specimen container breaks or leaks.
Laboratories must maintain the integrity of specimens before they are analyzed. Maintaining
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specimen integrity is usually simple, but it becomes more complicated when they are transported
by public conveyance. Also, any diagnostic test becomes worthless to perform if the specimen
arrives in an unsuitable condition. The parcel company will provide (at no charge) all of the
approved shipping supplies to the laboratory. However, it is the laboratory’s responsibility to
have the clients properly package specimens to maintain the integrity of the specimen container.
The specimens must be kept from leaking due to rough handling or being crushed (see the full
listing of regulations in Appendix E). This procedure will protect not only the specimen but also
the public and the people handling the packages.
Both FedEx and UPS have a policy that guarantees their shipments will be on time and
will provide refunds (or billing credit) if they are late by even 60 seconds. Both companies do
not volunteer this service and the shipper (in this case, laboratory) must request the refund. If a
laboratory receives several thousand packages per year, this savings could be significant.
Returning to the sales equivalency discussion, an example of saving $12,500 a year for a
laboratory may not be worth the expense of having a staff member dedicate time to this project
until they realize that with a net profit margin of 1.11% this equates to $1,126,126 of sales.
Some companies specialize in retrieving refunds that charge a percentage of the
settlement as their fee. This is another example of outsourcing to a specialized company and
keeps the core business (the laboratory) operating Lean.
Accurately calculating savings for shipping for this Model is not possible since every
laboratory will negotiate their own contracted price with the individual companies. However,
using the Federal Express walk-in rate of $61 will yield annual savings of transportation of
$84,564 ($61 * 261 business days) = $84,564. Combined with the loss of the idle time
($333,036), returns a total savings of $417,600 per year.
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The advantages of this Model are:
•  
•  
•  
•  
•  
•  
•  
•  
•  
•  
•  
•  
•  
•  
•  

The workday will end approximately five hours earlier for the laboratory.
Once the infrastructure is in place, expansion on a national level becomes easy.
Clients will not be limited to a small area of the country.
Transportation of the specimens will be transparent to the laboratory personnel.
Extremely efficient.
Eliminates the complications of transportation logistics.
Clients in rural parts of the state or country can send specimens to the laboratory easily.
Model of choice for all of the national laboratories.
It will allow for an efficient and constant workflow.
The wait and the expense for the couriers will be eliminated.
The approximate savings in transportation would be greater than $84,564 per year.
Savings in labor (no idle time) would be over $333,036/yr.
There will be full visibility via real-time tracking of all specimens.
The parcel company will be responsible for all government regulations during transit.
The parcel company will provide all approved packing materials at no additional charge.

The disadvantages of this Model are:
•   The specimens will not be under the control of an employee at all times.
•   The specimens must be dropped off (or collected) before the last collection time
(currently 8:00 p.m. in the metro Atlanta region).
•   Weight and location matters. The prices quoted are for a fifteen-pound box shipped
within the southeast. As the weight and/or distance increases, the cost will also increase.
•   Since the specimens will be arriving the following morning, turn-around-time may be
extended by one business day. If a client would like a same-day diagnosis, the specimens
can be processed and diagnosed by the close of business.
•   The initial cost to hire additional staff to handle the increase in specimens.
•   The cost to set up marketing in different parts of the country.
•   The cost to set up additional insurance and billing accounts.
•   If the laboratory expands across several states or national, the pathologists will have to be
licensed in those states.
•   Contracts with Medicare and insurance companies from all additional states will have to
be obtained.
Model 4: Have Specimens Accessioned in Atlanta and then Flown to Brunswick
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Using the concept presented in this Model, the laboratory would open a specimen drop
off, accessioning and marketing office in Atlanta. This option would involve leasing a small
location near the airport that will be a designated drop-off location for the couriers traveling
around Atlanta and the surrounding area. However, the outlying cities (Marietta, Athens, La
Grange & Columbus) may continue to either utilize a courier system or send their specimens
directly to the laboratory via parcel. The office can also be used as a place for the sales and
marketing team to meet and call on clients. In addition, the office may also be used by the
courier staff as a place to keep their supplies (boxes, labels, tape). Not only does this Model
create an operation that runs smoothly and gets top results, it also establishes a physical presence
of the company in Atlanta.
The couriers will drop off specimens throughout the day, and a laboratory employee
(accessioner) will review every document for missing demographic information such as full
name, date of birth, Social Security number, insurance information and specimen site. If there are
any discrepancies, the client can be contacted and the information will be immediately corrected
before being accessioned as many of these omissions would prevent it from being entered into
the LIS and also will delay testing and payment from the insurance company.
The specimens will be accessioned and issued a unique identification number. The
specimens will be packaged and taken to the airport and flown to Brunswick. When they arrive
at the laboratory, they will be fully accessioned with all patients, billing and specimen
information verified and be forwarded directly to the gross room saving more than an hour of
accessioning time and five hours of transit time.
If it is discovered the drop-off time of 6:30 p.m. is not acceptable or the flight is canceled,
the specimens may also be flown to Jacksonville, Florida due to the later drop-off time of 10:30
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p.m. A courier would be dispatched to the Jacksonville to collect the specimens. Except for the
added cost for the courier, the shipping cost will remain the same.
The rent for a 1202 square foot office building adjacent to the airport in Atlanta is $1703
per month, ($20,436 per year) (officespace.com). The average salary for an office clerk in
Atlanta is $28,353 per year (glassdoor.com). Transportation via Delta Cargo will be
approximately $24,012 per year. This represents a combined expense of $72,801 per year. Since
none of the specimens will be accessioned at the main lab, this Model represents a very efficient
option that costs much less than the amount to operate and staff the small office. The remaining
savings will go directly to the bottom line of the company.
The cost for the office, employee and equipment can be based on the money saved by having the
specimens pre-accessioned, verified and flown to Brunswick. Allowing for the $72,801 of
expenses, this Model yields a savings of $360,720.
The advantages of this Model are:
•  
•  
•  
•  
•  
•  
•  
•  
•  

The specimens will arrive at the main lab approximately five hours earlier.
Specimens will arrive fully accessioned and will be sent directly to grossing upon arrival.
The opportunity to add a large number of new clients including border states to Georgia.
The most efficient process of those presented.
The laboratory will receive clean and complete orders.
No call-backs to the clinician’s office for additional patient information.
Reduced end-user workload.
Easier on the billing department.
Fewer write-offs (since all patient financial information was verified before the specimen
was sent to the laboratory).
•   Increased cash flow and profit margin
•   Errors will be minimized.
•   Improving turn-around-time yields cost savings across many departments and will be
reflected in the bottom line of the company.
The disadvantages of the Model would be:
•   Would have to take specimens to the airport cargo facility an hour before the flight.
•   Specimens would be out of the direct control of an employee.
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•  
•  
•  
•  
•  

Flights may be canceled, diverted or delayed (laboratory would be notified).
Specimens will have to be packed according to strict FAA regulations.
Must be a “known shipper” to Delta.
May require a courier in the event the specimens are routed to Jacksonville.
Specimens may get lost.
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Table 2:
Failure Mode Effects Analysis: Likelihood of Losing A Specimen and Delays (Traffic, Airport,
Weather)
Model

Model 1
Current
Process

Model 2
Delta
Cargo

Failure
Mode
Specimen
Loss

Delays
Specimen
Loss
Delays

Model 3
Parcel
FedEx/UPS

Model 4
Satellite
office and
Delta
Cargo

Specimen
Loss

Failure
Causes

Specimen
not given
to courier
Traffic
Wreck
Breakdown
Sent on
incorrect
plane
Flight
cancel
Weather
Sent to
incorrect
address

Flight
cancel
Delays
Weather
Traffic
Seasonal
Sent on
Specimen incorrect
Loss
plane
Delays

Flight
cancel
Weather

Failure
Effects

Likelihood
of
Occurrence

Likelihood
of Detection

Severity

Risk
Profile
Number

Delay
TAT

2

1

1

2

Delay
TAT

8

1

5

40

Delay
TAT

2

2

8

32

Delay
TAT

9

1

4

36

3

2

10

60

Delay
TAT

8

2

6

96

Delay
TAT

2

2

6

24

Delay
TAT

9

1

2

18

Total
loss of
all
specimen

With the extremely rare occurrences of a catastrophic loss (plane crash or courier, FedEx,
UPS vehicles accident), specimens are rarely “lost” during transportation since there is a
significant amount of package tracking performed by the parcel companies and Delta. The
exception is if the specimens are delivered to the incorrect address where they may not be
retrieved.
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Reviewing Table 2, Model 1, while the most expensive, the risk for loss is the least. This
is because the package is put in the car in Atlanta and taken out of the car in Brunswick. It
reflects that the greatest likelihood of a lost package or a delayed package would be Model 3
(parcel). This may be due to the companies handling of hundreds of millions of packages per
year and also the effects of weather and traffic. Using Delta (Models 2 and 4), as long as the
package is on the correct plane, it will make it to Brunswick since it is not only a direct flight,
but also a terminal flight (last flight for the day). A failure team should be established so when
something does go wrong, a plan can be put into action immediately which may lessen the
severity of the failure. The members of the failure team should represent the entire process in the
laboratory and should include the director of operations (as leader). The core team should consist
of managers from accessioning, specimen transportation, histology, and customer service. Ad
hoc members may include pathologists and staff from risk management.
Reviewing Table 3 represents a snapshot of the results of the four Models. The current
process is illustrated as the most expensive, but the specimens will be processed for same day
diagnosis and the risk of a lost specimen is very low. Model 2 gets the specimens to the lab the
fastest and saves the most money mainly by eliminating the idle time. Model 3 is the primary
Model used by laboratories, can be easily expanded across the state or across the globe. It is the
least expensive of the Models presented and will add an additional 24 hours to the turn-around
time. Model 4 costs a little more and will have the specimens to the lab at the same time as
Model 2, but they will be fully accessioned and verified in to the LIS. This will save time when
the specimens reach the laboratory.	
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Table 3: Summary of Key Factors

Model

1:
Current
State

2:
Delta
Cargo

3:
Parcel

4:
Satellite
Facility

	
  

Same Day
Processing
(Y/N)

Next Day
Processing
(Y/N)

Cost

Turnaround
Time

Lost
Productivity
of
Pathologist
(hours)

Y

Y

$433,521

Y

N

$24,012

N

Y

$15,921

30 hours

24 hours

Y

N

$72,801

8 hours

0

4 hours

8 hours

0

0

Potential
Risks from
FMEA
Analysis

Specimen
not given
to courier
Flight
cancel
Weather
Incorrect
plane
Flight
cancel
Weather
Incorrect
address
Flight
cancel
Weather
Traffic
Seasonal
Incorrect
plane
Flight
cancel
Weather

Savings

None

$409,509

$417,600

$360,720
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Table 4:
Franklin Comparison Method of Pros/Cons
Factor
Same Day
Processing
Next Day
Processing
Cost
Turnaround
Time
Lost
Pathologist
Productivity
Potential
Risks
Savings

Totals

Importance
Factor
(1-10)

Model 1
grade

Model 1
(total
score)

Model 2
grade

Model 2
(total
score)

Model 3
grade

Model 3
(total
score)

Model 4
grade

Model 4
(total
score)

9

10

90

10

90

3

30

10

90

3

4

12

4

12

9

27

4

12

6

10

60

3

18

4

24

5

30

7

8

56

10

70

3

21

10

70

2

1

2

1

2

9

18

1

2

2

1

2

5

10

7

14

5

10

5

1

5

8

40

8

40

9

227

242

174

45

259

To assist in making a selection, a Ben Franklin Comparison was used. Referring to table
4, the Models are noted across the top with decision factors listed along the left-hand side. The
importance of each factor is given a weight and the importance of each factor to each Model is
also given a weight. The weight of the Model is multiplied with the weight of the importance
factor. After all of the cells in the table are filled in, the weights of each of the Models is totaled
and placed at the bottom of the table. It suggested by McKay, (2017) that the selection with the
highest total is usually the best choice (in this case, it is Model 4).
Summary
Using Model 1, the specimens are always with an employee but it is the most
expensive way to transport specimens. Since the specimens are being driven, this constrains how
far from the laboratory the marketing department can sell. Model 2 will have the specimens
arrive earlier, eliminate the idle time and cost less than Model 1. Model 3 is the only one that
can be easily expanded nationwide or globally. It will eliminate the idle time, but will add an
additional 24 hours to the turnaround time. Cost is subject to individual negotiation and there is
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more of a risk for a package to be lost. Similar to Model 2, Model 4 would fly the specimens to
the lab and also eliminate the idle time, but offers several additional advantages that have a
company-wide effect. Since specimens are pre accessioned and verified into the LIS, this makes
it more efficient for gross, histology, managed care, billing and ultimately the clients. It also
provides a physical presence of the company in the city.
Time process maps for each of the Models
The graphic below is a time process diagram of the current process. Note that it includes
four hours of idle time and has histology finishing all cases by 10:00 a.m.

Model 1 (Current process)
The following graphic depicts the time processes for Model 2 (Delta Cargo). Note there
is no idle time, accessioning is finished at 10:30 p.m. (as opposed to 3:00 a.m.) and all cases are
ready for the pathologists by 6:00 a.m. Receiving the specimens earlier yields a consistant
workflow and also saves approximently $350,000 per year in labor.

Model 2 Utilizing Delta Cargo

67
The graphic below illustrates Model 3 (FedEx/UPS). While it is less expensive than
flying the specimens, it will take an additional day to sign the cases out. Most physicians will
not mind the additional day, but some may. If the client insists on having the case read that day,
then the specimens can be processed and read the same day. Note that accessioning would be
finished at 10:00 p.m. rather than spending the next four hours idle and histology will be finished
around 5:00 a.m. This is the only Model presented that has the capability of expanding globally.

Model 3 Utilizing Federal Express or United Parcel Service

The final graphic shows Model 4. While it looks similar to Model 2, in Model 4 all
specimens are fully accessioned into the LIS and all demographic information has been verified.
This will increase efficiency in accessioning, grossing, billing and managed care.

Model 4 Opening a satellite accessioning office and flying the specimens to the
laboratory
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A3 example

Title
Need to have specimens arrive earlier

Current process and exploring Model 4

Background

- Specimens currently arrive between 1:30 a.m. and
2:00 a.m.

Implementation plan

- Approximately four hours of idle time per night

What

- Very expensive

Champion

Current conditions

Delta

ASAP

The current process has the specimens being driven
over 300 miles from Atlanta.

Parcel

ASAP Barbara

When

   10:00 pm
Idle time
begins
  

1:30 am
courier
arrives

4:00am
10:00 am
all cases
all cases
sent to histo completed

Where

Michael

ASAP
This is a very expensive process with no continous
workflow

Who

Real estate ASAP

John

Atlanta
Atlanta

Stephanie Brunswick
Holly

Atlanta

Follow-up
Plan

Actual results

Testing Delta to begin May 1st
Real estate potential looks good
Cause Analysis
-Specimens are driven over 300 miles

Robin from UPS wants to discuss the routes

- Administrations refusal to explore other
options.

Full budget and administrative support has been

- Administration is comfortable with the
present process

Target condition

granted

The A3 is one of the fundamental tools of
Lean. The issue is placed on the left side
and the solutions are on the right side. The
one seen here was created for Model 4 to
demonstrate the actual practice of who,
what, where when and how.
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Chapter 5 Discussion
Laboratories face looming reimbursement pressures and fee cuts in 2018 (that will be
extended through 2028). This is a result of the Centers for Medicare & Medicaid Services (CMS)
January 2018 implementation of the Protecting Access to Medicare Act (PAMA), which will
reduce reimbursements significantly for lab tests by using private market lab test prices to
establish a new Part B clinical laboratory fee schedule. With Medicare lab test fee cuts projected
by CMS to total $670 million in 2018 alone and an estimated $3.9 billion over the next decade,
there will be increasing pressure on laboratory administration to remain cost competitive.
With increasing costs, laboratories of the future must find ways of reducing expenses.
The solution proposed in this research is to employ the tools and philosophies of Lean
processing. If adopted correctly and sustained, the reduction in waste can amount to substantial
savings and directly affect the bottom line of the organization.
Past research has focused exclusively on the operational side of the laboratory. This study
addressed the transporting anatomic specimens to the laboratory. Following extensive research,
the pre and the post-Lean results are startling. The effects of adding and maintaining a Lean
program in the transportation segment include:
•   Continuous workflow with little to no interruption.
•   Cost savings.
•   Increased productivity of the employees.
•   Cases available to the pathologist’s hours earlier.
•   More satisfied employees as they are finished earlier.
•   Option to expand the client base.
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Utilizing parcel (Federal Express or United Parcel Service) or flying specimens to the
destination via Delta Cargo will represent a massive cultural shift for the management and
employees. It will require a person with substantial change management skills to alter the culture
of the company. This person will not only present the vision of change but also lead the
employees through the changes.
In 1995 John Kotter, a world-renowned leader in change management (Collins-Nakai,
2006), outlined eight steps that must happen for a company to succeed through a period of
change. These concepts were initially applied to the manufacturing sector but shifted to include
all industries with the advent of Lean processing. Table 5 outlines his eight steps and how they
may relate to this study. Note that none of the Models are mentioned. The Models represent a
change in the processes. The eight steps represent changes to the people and the culture. There is
much information presented in the table. In addition to his steps, there are also the recommended
actions and the reactions (or pitfalls) that may occur. However, if all of the information is
summarized it would come down to three items:
•   Reduce and eliminate waste
•   Empower employees
•   Apply a quality methodology
By following the outline of the eight steps, the result will be a world-class laboratory. This can
be accomplished by implementing a culture of continuous improvement, using the tools of Lean
(A3, 5S, the Deming Cycle, Kaizen), having weekly team meetings, and continuously
communicating the intentions of the team to the rest of the company as the participation of every
employee is crucial. All of this must be lead by an experienced leader who is passionate about
quality and most importantly of all: the processes must be sustained indefinitely.
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According to Kotter (1995), many changes fail because management does not realize the
change itself is a multistep transformative process that must be sustained. It also must be stated
that skipping steps will not produce the intended results.
Lean is a continuous improvement management plan that uses workflow design,
increases efficiency and a constant reduction of waste. These three items will improve quality
and reduce operating costs thereby leading to an increase in profit. Transitioning to a radical new
process must involve all employees the opportunity to offer input to the new workflow. This will
provide them with ownership of the new process and follow Dr. Deming’s example. His goal
was to develop a system that allowed workers to improve manufacturing processes and reduce
waste and errors.
Businesses itself is very fluid, and changes will occur. Leading these changes is essential
and can be very challenging. There is a strong relationship between employee engagement and
being prepared. As health care workers engage in quality improvement activities, they enhance
their knowledge of the processes. As quality improvement gains traction over time, the results
will impact institutional culture.
Table 5
John Kotter’s 8 Steps And How It Is Connected to This Research
Kotter’s
Stage
#1
Create a
sense of
urgency
#2
Create a
guiding
coalition

Recommended Actions

Possible Reactions

Connection to this research

There has to be a strong
reason why people want to
change. Have them see the
vision.

Underestimating the
challenge of driving
people from their
comfort zone.

Continued Medicare
reimbursement cuts.

Establish an efficiency and
quality committee and have
it championed by a leader in
the company.

Inexperienced leader
with poor soft skills.

Establish a team of
employees whose job is to
encourage others to root out
waste and find ways of
increasing efficiency.
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#3
Form a
strategic
vision

#4
Enlist a
volunteer
army
#5
Enable action
and remove
barriers

#6
Create short
term wins

#7
Sustain
acceleration

#8
Institute
change

Lose the waste or lose the
company.

Presenting a vision that
is too complex for some
of the employees to
understand. This could
lead to fright and
resistance.

Find ways to transport the
specimens less expensively or
the competition will.

Gather together all of the
members who may be
affected by the changes. Let
them make suggestions and
lead the charge.

Having naysayers on the
team who could
undermine the changes.

The company cannot be saved
by one man (the CEO), but by
a group of employees willing
to work extra hard.

Remove the barriers and
silos that block an efficient
process. Have the team see
what will happen when
those barricades are
removed.

Failing to remove
powerful individuals
that could seriously
disrupt the changes.

Clients who will not want to
fill out a shipping form or put
the specimens in a FedEx box

Have those on the team and
those not on the team
celebrate each milestone.
This will keep the team (and
the others) energized.

Not celebrating the early Celebrate when the first week
wins or celebrating too
of specimens arrive on time.
far into the future when
everyone has forgotten
why they are
celebrating.

Following the first success,
there is no time to rest. The
team must keep pushing
towards the next goal. The
team must always work
towards the target condition.

Don’t declare a victory
too soon and do not let
detractors stand in the
way of future progress.

Find additional ways to root
out waste in the transportation
segment. Use the changes to
increase the client base.

Demonstrate the solid
connection between the old
state and the new one. Let
the employees (those on and
off the team) see the success
and help them not to replace
with their old habits.

Not creating new
policies for the new
changes.

Once the company
(employees and leadership)
see the specimens arriving
four hours earlier and the
effect it has on the bottom
line, the changes should begin
to sustain themselves.

Must be leader-driven
across the entire work
stream. Have the employees
see the mission, vision and
goals of the changes.

Adapted from: kotterinternational.com/the8stepprocessforleadingchange/
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The research question asked if Lean would have a positive effect on the bottom-line of an
organization. Table 6 reflects that if it is implemented and sustained, Lean can have a profound
impact on a company’s bottom-line.
Table 6 Comparisons Of The Four Models
And The Cost Savings Of Each.
Model

Savings

Sales equivalency

Model 1

No savings

None

Model 2

$409,509

$36,892,000

Model 3

$417,600

$37,621,000

Model 4

$360,720

$32,500,000

The above savings do not take into account the salaries and benefits of employees that
may be lost due to increased efficiency. If they are added to the above figures, the savings will
approach half a million dollars.
Each of the proposed Models has advantages and disadvantages (see Table 4). It is
evident the current process represents a severe drain on company resources that are not going to
be improved in the short-term (see Table 3).
Thoroughly reviewing the information and speaking with industry experts, it is clear if
the company wants to expand the client base, driving the specimens is not the answer. Flying the
specimens to the laboratory citing greater efficiency, no idle time, consistent workflow, and is far
less expensive than the current process and will decrease the cost of operations considerably. If
(or when) the organization wants to expand nationally, then the method of choice would be
parcel due to excellent efficiency combined with low costs.
The increase of efficiency will have a positive impact on the overall satisfaction of the
staff. Some of the soft costs will be an increase in employee morale simply due to better
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working hours and loss of idle time. This will lead to a decrease in hard costs such as employee
turnover. However, it must also be noted that the more efficient the operation, the fewer
employees will be required to complete all of the work. If the organization decides to expand,
then additional employees will be required to handle the added work. Both of these have a direct
effect on the bottom line of the organization. Improving the quality and efficiency of the
operation—its systems and processes along with a change of the company culture—will continue
to add to the bottom line of the company year after year.
It seems Dr. Deming had it right more than 70 years ago: Raising quality by reducing
process variations and eliminating waste will bring down operating costs. Better products at
lower costs generate a higher value which helps organizations achieve better market positions.
What is the end product of all the savings and increased efficiency? With costs
increasing, a razor-thin operating margin, and continued decrease in reimbursements combined
with the industry moving to a value-based payment system, the answer very well may be
survival. Many companies are finding that removing waste and becoming more efficient is the
difference between selling to a competitor, closing or surviving and thriving.
Limitations
There are several limitations to this study. First, this is an exploratory study of the
process of one laboratory. Therefore, the results may not be generalizable. Second, Lean exposes
the need for an efficient process. However, it is the sustainability of Lean strategy over an
extended period that makes the difference. Third, the conclusions drawn are from data as
opposed to a controlled experiment. Finally, to enhance external validity, this study should be
replicated in many other health care settings and specifically laboratories with similar
transportation considerations.
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Protection of Human Subjects
This study was determined to be a Quality Improvement project by the MUSC
Institutional Review Board.
Future Research
This study provided groundbreaking research on a segment of the laboratory usually
ignored by leadership. With technology increasing at such a rapid pace, there may be additional
options (drone delivery) to evaluate. Also, with continuous advances in package tracking, further
research in the future may see parcel deliveries with no lost packages.
Follow-up research may also include a psychological section to evaluate the morale of
the staff as the Lean changes take place and this should be extended to include the clients so they
can advise how the changes affect not only their practice but also their patients.
Conclusion
The world of health care is changing at a rapid pace. There are both vertical and
horizontal mergers and acquisitions announced weekly. Reimbursements are being cut,
insurance companies are putting a tighter grip on the physicians, and value-based care is coming.
This systemic change will serve as motivation for the laboratories and providers to think
strategically. Laboratories that are prepared will do well in the new age of medicine. However,
in order for them to survive, they must have a solid bottom line and operate very efficiently.
Over the last seven decades, Lean has been well demonstrated to be a process and quality
improvement method. The opportunities for employing it in health care are almost endless. This
process will have an affect not only on the bottom-line of the company but will also extend to
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how health care will be delivered to the patients in the future. This may be reflected as safer,
more efficient and more appropriate care.
There are many avenues that a laboratory may proceed to make changes to their policies
and procedures especially knowing those changes are coming. This research explored the
transportation of specimens to the laboratory and suggested several alternative Models that
would allow for expansion of the company and add to the bottom line. These changes will also
have a drastic effect on the company culture and operating procedures. A leader with strong
change management skills will be required to establish the vision and see the changes through to
completion. 	
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Appendix A
14 points of Quality and Efficiency for Management by Drs. Deming and Juran:
1.

Creating constancy of purpose
Constancy of purpose means your organization's customers, people and unit costs form
the framework for management decision making. It requires vision and leadership.

2.

Adopting the new philosophy
Quality must become the preeminent concern. Errors, poor materials and rework must be
eliminated throughout the production system or service delivery process.

3.

Instituting leadership
Leaders should aim to help people and machines do a better job. Remember-quality is not
an addition to the job, but IS the job.

4.

Instituting training
Proper training should begin the first day for each new employee. This is due to workers
learning their jobs from other workers who are poorly trained or from inadequate printed
instructions. Training workers and losing them is bad. Not training them and retaining
them is worse.

5.

Encouraging education
Both management and the workforce will have to be educated in the new methods,
including teamwork.
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6.

Breaking down barriers
Most employees realize improvements in quality also lead to improvements in
productivity, but management frequently places roadblocks in the way of such
improvement. This breakdown of barriers will allow improvements to occur horizontally.
Listen to the employees on the front lines as how the process really happens and find out
first-hand what changes could add the most value.

7.

Eliminating exhortations
Get rid of slogans, banners, buttons and balloons in the workplace. Forget about setting
productivity targets for work groups and posting daily, weekly and monthly
progress reports.

8.

Eliminating arbitrary numerical targets
The emphasis on productivity rates is ultimately detrimental to morale and to the bottom
line. Shoddy performance and poor workmanship are allowed to slip by because of the
urgent need to produce.

9.

Permitting pride of workmanship
People are eager to do a good job and distressed when they can't.

10.

Driving out fear
Eliminating fear in the workplace because it is a primary cause of quality and
productivity problems.

11.

Ending lowest-tender contracts
Purchasing managers have to reassess their roles and responsibilities. They have a key
role to play in the quality improvement process.
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12.

Ceasing dependence on mass inspection
Stop relying on mass inspections of the final result of a process (the finished product).
Rather, concentrate on improving the process itself so that you'll prevent errors from
occurring in the first place. A bad process will beat a good employee every time.

13.

Improving every process
Improvement is not a one-time effort. Management is obligated to continually look for
ways to reduce waste and improve quality. This includes communication of both interand intradepartmental.

14.

Ensuring top management commitment and action
Top management must appropriate and allocate the resources needed for this effort.
Executives must act as quality spokespersons for the organization and make their
commitment clear to all employees. Quality must be managed with the same emphasis
that financial management receives (Deming,1986, Roehm, 1997, Butterfield, 1991,
Walton, 1998, Zarbo, 2012).
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Appendix B
Flights from Atlanta

	
  

Departure Times

Brunswick, GA

Jacksonville, FL

(For arrival time: add 44 minutes)

(For arrival time: add 54 minutes)

10:00 a.m.

7:30 a.m.

3:15 p.m.

8:40

7:30

10:00

(Departure times)

11:00
12:30 p.m.
1:40
3:15
4:30
5:45
7:30
8:50
10:30
11:45
Source:
Delta.com
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Appendix C
10 Keys to Lean Success
1.Top-management commitment
2. Communication
	
  
3. Dedicated resources
4. Training
5. Get people involved
6. Maintain intensity – Compelling Need to Change
7. No layoffs due to Continuous Improvement
8. Share the wealth
9. Frequent review of progress
10. Track performance
Adapted from Pexton, C isixsigma.com
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Appendix D
A Comparison of the Four Models

Model

Same day
processing

Next day
processing

Annual
Cost

Efficiency

Risks

Annual
Savings

Traffic delays

None

8 hours

Airport delay,
flight cancel,
package lost

$409,509

$15,921

8-30 hours

Weather
delays,
package lost

$417,600

$72,801

8 hours

Turn-around-time

Based on 261 business days

1

$1661/night*
$433,521/year

Yes

8 hours

* Includes transportation
and employee idle time

2

Yes

3

No

4

Yes

$24,012

Yes

Transportation +
Employee and rent

	
  

Airport delay,
flight cancel,
package lost

$360,720
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Appendix E
Federal Regulations for
Handling, Storing and Transporting Diagnostic Specimens
Each specimen, whether shipped by itself or with others as a multiple shipment, must be
identified individually with appropriate patient name, reference numbers, or other identifiers.
For specimens sent via ground courier, they must follow US Department of
Transportation (USDOT) regulations. Those sent by air, follow the dangerous goods regulations
from the International Air Transport Association (IATA,Montreal) and International Civil
Aviation Organization (ICAO, Montreal).
If there are any questions about proper shipping, they can be addressed to:
https://www.phmsa.dot.gov/about-phmsa/offices/office-hazardous-materials-safety
Title 49 Code of Federal Regulations. Washington, DC: Office of the Federal Register
National Archives and Records Administration, Government Printing Office; 1997.
49 USC §5101 et seq (formerly, Hazardous Materials Transportation Act, 49 App USC §1801 et
seq).
Classified as Category B: Exempt human specimens or patient specimens with a minimal
likelihood that pathogens are present.
The shipment must be assigned to UN 3373 “Biological substance, Category B.” All UN 3373
substances must be transported in compliance with 49 CFR, Part 173.199 or IATA Packing
Instruction 650.
Transport Packaging for UN 3373 Substances
Any packaging for biological substances must include three components:
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•A primary receptacle: the tube, vial or other container typically made of glass or rigid plastic
(including the stopper, cap or other closure elements) that is in direct contact with the specimen.
•A secondary packaging (including cushioning and other materials) that fully encapsulates the
primary receptacle.
•An outer packaging for shipping or transit.
Components must meet specific requirements, including being capable of passing specific test
procedures based on receptacle or packaging type. In addition, compliance with the regulations is
based, in part, on overall performance; so there can be no substitutions of a component from one
manufacturer with a similar – but untested – component from another manufacturer.
Component Requirements:
•Under normal conditions of transport, primary receptacles must not break or leak their contents
into secondary packaging.
•Multiple primary receptacles in the same secondary packaging must be separated to prevent
contact between them.
•The performance of cushioning materials and the outer packaging must not be compromised due
to any leakage from primary receptacles.
•For liquids, absorbent material sufficient to absorb the entire contents of all primary receptacles
must be placed between the primary receptacles and the secondary packaging.

Please note: Both FedEx and UPS provide all the packaging that comply with the above
regulations at no cost to the shipper or client.
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Appendix F
Glossary
The following is a list of definitions that are used in this study.
•   A3 - The A3 it is a one-page project report. This one-page contains the following
information: the problem, the analysis of the process, the identified root causes, potential
solutions, action plan. This is all contained on one sheet of paper (size A3). The
practice of using A3s forces project teams to focus their efforts while at the same time
makes it easy for others to review their work.
•   Benchmarking - An effective, flexible and valuable tool that was advocated by Deming
that provides a means for learning and change. This tool can also be used to observe
quality metrics such as costs, quality and delivery of products or services.
•   Change management - This is complementary to your project management and is the
discipline and provides the initiative that guides how to prepare, equip and support
individuals to successfully adopt change in order to drive organizational success and
outcomes. Change management involves minimizing resistance to organizational change
through involvement of key players and stakeholders.
•   Cost-containment strategies - The business practice of maintaining expense levels to
prevent unnecessary spending or thoughtfully reducing expenses to improve profitability
without long-term damage to the company
•   Culture - In its most simplified definition is how people are incentivized to behave and
the way people think, talk, work, and act every day.
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•   Cost of poor quality - This is the cost associated with defects, errors and other forms of
waste. Everything that is not used when needed, sold or defective may be considered
waste and these wastes have a cost.
•   IATA - International Air Transport Association- Regulates dangerous goods,
including "Infectious Substances," for all member airlines and anyone who tenders
dangerous goods to those airlines. Most airlines and air freight couriers are members.
•   Just in Time (JIT) – An idea by Taiichi Ohno in 1953, this is a waste reduction process
that states businesses only make what is required, when it is required and how many are
required. Everything else is regarded as waste.
•   Kaizen - A Japanese word that means “good change” and does this through the 5S
process. It is implemented through practices that enable employees to propose ideas for
improvement and solve problems
•   Kanban board - A visual reference tool placed in a central location. It allows everyone
to see exactly how the progress of the processes are occurring including what has been
completed, what is in progress and what is waiting. This is usually a simple whiteboard
with sticky notes.
•   Lean - Lean, in its simplest form it is: a value added activity (or process) the customer
requests and is willing to pay for. Non-value added is something the customer is not
willing to pay for. The object is to consistently improve the value added process while at
the same time look for ways to remove waste.
•   Lean Six Sigma (LSS) - Combines the tools of Six Sigma with the philosophies of Lean
to reduce errors and eliminate waste of time, effort and talent. Properly executed, this
approach may provide a competitive advantage.
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•   Muda - A Japanese word that means “wastefulness.” A more complete definition would
be: Waste that can be eliminated without affecting outcomes. This is one of the key tools
used in the Toyota Production System (TPS).
•   Net profit margin - Also known as net margin, it indicates how much net income a
company makes with total sales achieved. It is calculated as Operating Income divided by
its Revenue. This ratio changes as companies report (or don’t report) their quarterly
financial metrics. The current laboratory industry average for the fourth quarter of 2017
is 1.11%. Up to date figures may be found at:
https://csimarket.com/Industry/industry_Profitability_Ratios.php?ind=805
•   PAMA - Patient Access to Medicare Protection Act. This will establish an individual
weighted median of laboratory tests that Medicare will reimburse. This will cut
reimbursement to laboratories by $680 million in 2017 and $870 million in 2018 (Michel,
2017).
•   Required waste - Waste that is required by a business but does not add value.
•   Sales equivalency - The amount required in sales to make up for the amount of waste. It
is calculated by taking the savings and dividing it by the net profit margin. Example:
Savings of $5,000 with a net profit margin of 5%=5000/.05= a sales equivalency of
$100,000.
•   Six Sigma - Excessive variability can be a cause for product defects. Six Sigma is a
method that focuses on and demonstrates how to reduce the variation in a process. This
is accomplished by removing the cause for the defects and errors (root cause analysis).
Six Sigma utilizes statistics to analyze issues, track methods and report findings. This is
accomplished through the DMAIC Model. A level of 6-sigma equates to 3 defects
(errors) per million opportunities.
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•   Sponsor (or Champion) - This is a person who possess the vision, drives the change, has
the authority and the influence to approve changes, sets goals, ensures that sufficient
resources are available and fully supports the team proposing the changes.
•   Total Quality Management (TQM) - This represents a collective endeavor by all in the
organization to participate in improving the processes, services and products (ASQ.org).
•   Toyota Production System (TPS) - Following many years of implementing quality
improvements in Japan, the TPS was brought to the US in the 1970’s. TPS began a
decade earlier as Total Quality Control (TQC) which gave birth to Quality Control Teams
(QCT) in 1965. This allowed employees to work together to find, solve and reduce the
causes of defects.
•   Value added process - This is a process that is essential to deliver the product to the
customer and is something the customer is willing to pay for. It is used to demonstrate
how to obtain the highest quality product at the lowest cost duct to the customer. This is
something the customer is willing to pay for. Many processes have between 10%-40% of
non-value added steps (Mann, 2006).
•   Value stream mapping - Provides a visual representation of a process from start to
finish with each step identified that would show if value was added or wasted. It is used
to show how the parts of the process are all interlinked and connected, where the
constraints are located and demonstrate how to obtain the highest quality product at the
lowest cost in the shortest amount of time and will deliver a high level of customer
satisfaction.
•   Waste - Anything that does not add value is considered waste. Waste creates additional
costs. For a complete picture, waste must be examined at both the macro (facility) level
and the micro (work area) level.
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•   5S - A Lean tool that originated at the Ford Motor Company that is used for learning,
maintaining and improving a well-organized, clean, safe and highly productive work
environment. It is an acronym that is composed of the following five elements (Japanese
equivalents are italicized): sort (seiri) and eliminate, straighten (seiton), shine (seiso),
standardize (seiketsu) and sustain (shitsuke). This tool must be implemented early in the
Lean transformation process. The 5S system, whether used alone or in combination with
Lean can yield excellent results.
•  
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Appendix G
Charges for Delta Cargo

Delta Dash- Medical Critical
Segment
Between points in the Continental
US 48 states
Continental US to/from Hawaii,
Alaska, Puerto Rico and USVI

1-10 lbs
$133

11-25 lbs
$142

$144

$153

1-10 lbs
$83

11-25 lbs
$92

$94

$103

26-50 lbs
$154
$169

51-70 lbs
$188
$206

71-100 lbs
$233
$264

  
  

Delta Dash
  
Segment
Between points in the Continental
US 48 states
Continental US to/from Hawaii,
Alaska, Puerto Rico and USVI

  

Standard Delta Cargo

Source for all charts: Delta Cargo.com

	
  

26-50 lbs
$104
$119

51-70 lbs
$138
$156

71-100 lbs
$183
$214
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Appendix H
Known Shipper Application Form

Source: Delta Cargo.com

	
  

92

References
Abraham, M., J. Crawford, and T. Fisher. 1999. Key factors predicting effectiveness of cultural
change and improved productivity in implementing total quality management.
International Journal of Quality & Reliability Management 16: 112-132.
Adler, P. S., Riley, P., Kwon, S., Signer, J., Lee, B., & Satrasala, R. (2003). Performance
Improvement Capability: Keys to Accelerating Performance Improvement in Hospitals.
California Management Review, 45(2), 12-33. doi:10.2307/41166163
Anand, N., & Barsoux, J. L. (2017). What Everyone Gets Wrong About Change Management.
Harvard Business Review, 95(6), 79-85.
Andersson, R., Eriksson, H., & Torstensson, H. (2006). Similarities and differences between
TQM, six sigma and Lean. The TQM magazine, 18(3), 282-296.
Baker, A. (2001). Crossing the quality chasm: a new health system for the 21st century. BMJ:
British Medical Journal, 323(7322), 1192.
Baker, L., Egan-Lee, E., Martimianakis, M. A., & Reeves, S. (2011). Relationships of power:
implications for interprofessional education. Journal of Interprofessional Care, 25(2), 98104.
Ballé, M., & Ballé, F. (2011). The Lean manager: a novel of Lean transformation. Cambridge,
MA: Lean Enterprise Institute.

93
Bassuk, J. A., & Washington, I. M. (2013). The A3 problem solving report: a 10-Step scientific
method to execute performance improvements in an academic research vivarium. PloS
one, 8(10), e76833.
Beckala, H. R. (1999). Regulations for Packaging and Shipping Laboratory Specimens.
Laboratory Medicine, 30(10), 663-667. doi:10.1093/labmed/30.10.663
Bees, J. (2017, January/February). Annual Industry Outlook: Exploring Investments and ROI.
Retrieved from http://www.healthleadersmedia.com/finance/annual-industry-outlookexploring-investments-and-roi
Bentley, T. G., Effros, R. M., Palar, K., & Keeler, E. B. (2008). Waste in the US health care
system: a conceptual framework. The Milbank Quarterly, 86(4), 629-659.
Bertels, T. (2003). Rath & Strongs Six Sigma leadership handbook. Hoboken (New Jersey): John
Wiley.
Berwick, D. M., & Hackbarth, A. D. (2012). Eliminating waste in US health care. Journal of
American Medical Association, 307(14), 1513-1516.
Betbeze, P. (2017, December). Effective Strategic Planning Requires Physicians. Retrieved from
http://www.healthleadersmedia.com/leadership/effective-strategic-planning-requiresphysicians
Birkenshaw, J. (2006, Summer). How Management Innovation Happens. Retrieved from
https://sloanreview.mit.edu/article/how-management-innovation-happens/
Volume 47 #4

94
Birnbaum, R., Christensen, C. M., Christensen, C. M., & Raynor, M. E. (2005). The Innovators
Dilemma: When New Technologies Cause Great Firms to Fail. Academe, 91(1), 80.
doi:10.2307/40252749
Blackmore, C. C., Bishop, R., Luker, S., & Williams, B. L. (2013). Applying Lean Methods to
Improve Quality and Safety in Surgical Sterile Instrument Processing. The Joint
Commission Journal on Quality and Patient Safety, 39(3). doi:10.1016/s15537250(13)39014-x
Brandao de Souza, L. (2009). Trends and approaches in Lean health care. Leadership in Health
Services, 22(2), 121-139.
Burke, J., & Hess, S. (2017, October 24). Lean Principles in Healthcare: 2 Key Tools. Retrieved
from https://www.healthcatalyst.com/Lean-principles-in-healthcare-2-key-tools
Burnes, B. (2000). Managing change: a strategic approach to organizational dynamics. Harlow,
Essex: Financial Times Prentice Hall.
Burton, T. T., & Sams, J. L. (2005). Six Sigma for Small and Mid-Sized Organizations: Success
Through Scaleable Deployment. Boca Raton, FL.: J. Ross Publishing.
Butterfield, R. W. (1991). Deming’s 14 points applied to service. Training, 28(3), 50.
Caldwell, D. F., Chatman, J., Oreilly, C. A., Ormiston, M., & Lapiz, M. (2008). Implementing
strategic change in a health care system. Health Care Management Review, 33(2), 124133. doi:10.1097/01.hmr.0000304501.82061.e0
Centers for Medicare and Medicaid Services (CMS) (2016). Office of the Actuary, National
Health Statistics Group. Retrieved from National Health Care Expenditures Data.

95
Retrieved from https://www.cms.gov/research-statistics-data-and-systems/statisticstrends-and-reports/nationalhealthexpenddata/nhe-fact-sheet.html
Chassin, M. R., & Loeb, J. M. (2011). The Ongoing Quality Improvement Journey: Next Stop,
High Reliability. Health Affairs, 30(4), 559-568. doi:10.1377/hlthaff.2011.0076
Collins-Nakai, R. (2006). Leadership in medicine. McGill Journal of Medicine: MJM, 9(1), 68.
Coluni, B. (2012). Save $36 Billion in US Health care Spending Through Price Transparency.
Truven Health Analytics.
Cooper, R., & Kaplan R. (1998). The promise--and peril--of integrated cost systems. Harvard
Business Review, 76(4), 109-19
CSI Market.com for calculation of current net profit margin
https://csimarket.com/Industry/industry_Profitability_Ratios.php?ind=805
Dahlgaard, J. J., Pettersen, J., & Dahlgaard-Park, S. M. (2011). Quality and Lean health care: A
system for assessing and improving the health of health care organizations. Total Quality
Management & Business Excellence, 22(6), 673-689.
doi:10.1080/14783363.2011.580651
Dafny, L., & Lee, T. (2016). Health care needs real competition. Harvard Business Review,
94(12), 76-87.
Davenport, T. H. (1993). Process innovation: reengineering work through information
technology. Harvard Business Press.
Deming, W. E. (2000). Out of the crisis. Cambridge: M I T Press. ISBN 0262541157

96
Ding, D.X. (2014), The effect of experience, ownership and focus on productive
efficiency: A Longitudinal Study of US Hospitals, Journal of Operations Management,
Vol. 32 Nos 1/2,pp. 1-14
Dixon-Woods, M., McNicol, S., & Martin, G. (2012). Ten challenges in improving quality in
healthcare: lessons from the Health Foundation's programme evaluations and relevant
literature. BMJ Qual Saf, bmjqs-2011.
Drivers and Barriers to Value-Based Care Adoption. (2017, December). Retrieved from
http://www.pages02.net/blrhealthcaredivision/Drivers_and_Barriers_to_Value_Based_Ca
re_Adoption
Drucker, P. F. (1994). The Theory of the Business. Harvard Business Review.
Drucker, P. F. (2017). The Theory of the Business. Harvard Business Press.
Du, L., & Lu, W. (2016, September 28). U.S. Health-Care System Ranks as One of the LeastEfficient. Retrieved from
https://www.bing.com/cr?IG=36CC41C1FF6C40D7836014224D75087F&CID=1A5D00A7212
7681B08060B6A208869C4&rd=1&h=L50kztHg3w_vE6g9x8vFZNvWGPqgk1mfhBqcRaa8wA&v=1&r=https://www.bloomberg.com
/news/articles/2016-09-29/u-s-health-care-system-ranks-as-one-of-the-leastefficient&p=DevEx,5070.1
D’Angelo, R., & Zarbo, R. J. (2007). The Henry Ford Production System. American Journal of
Clinical Pathology, 128(3), 423-429. doi:10.1309/x6n1y3v2cb9hul8g
Ellison, A. (2018, January 2). Hospitals face $1.6B in Medicare payment cuts after judge
dismisses lawsuit: 6 things to know. Retrieved from

97
https://www.beckershospitalreview.com/finance/hospitals-face-1-6b-in-medicarepayment-cuts-after-judge-dismisses-lawsuit-6-things-to-know.html
Emiliani, M. L., Ph.D. (1998). Lean behaviors. Management Decision, 36(9), 615-631.
Emiliani, M. L., Ph.D. (2000). The false promise of “what gets measured gets managed”.
Management Decision, 38(9), 612-615.
Emiliani, M. L., Ph.D. (2017, October 21). A Study of Executive Resistance to Lean. Leadership
& Organization Development Journal, 26(5), 370-387.
Erwin, D., & Hosford, B. (1987). Demystifying the nurse-midwifery management process.
Journal of Nurse-Midwifery, 32(1), 26-32. doi:10.1016/0091-2182(87)90053-x
Fillingham, D. (2007). Can Lean save lives?. Leadership in Health Services, 20(4), 231-241.
Fine, B. A., Golden, B., Hannam, R., & Morra, D. (2009). Leading Lean: a Canadian healthcare
leader’s guide. Healthcare Quarterly, 12(3), 32-41.
Fellows, J. (2015, March). The Changing Economics of Medicine. Retrieved from
http://www.healthleadersmedia.com/finance/changing-economics-medicine
Foreback, C., PhD. (2014, July 21). Lean Thinking in the Medical Laboratory. Retrieved from
http://www.clpmag.com/2014/07/Lean-thinking-medicallaboratory/?hootPostID=1f19b12ade293cbaf4e08f4464791663
Foucar, E. (2001). Error in Anatomic Pathology. Pathology Patterns Reviews, 116(Suppl_1).
doi:10.1309/ddkv-e4yp-cj5q-3m4v3

98
Furman, C., & Caplan, R. (2007). Applying the Toyota Production System: Using a Patient
Safety Alert System to Reduce Error. The Joint Commission Journal on Quality and
Patient Safety, 33(7), 376-386. doi:10.1016/s1553-7250(07)33043-2
Gawande, A. (2009). The Cost Conundrum. The New Yorker, 1, 36-44.
Gerst, R. M. (2013). Deming’s Systems Thinking and Quality of Health Care Services: A Case
Study. Leadership in Health Services, 26(3), 204-219. doi:10.1108/lhs-02-2013-0010
Giniat, E. J., Benton, B., Biegansky, E., & Grossman, R. (2012, October 1). People and Change
Management in an Uncertain Environment: Business Transformation Requires Not Only
Focusing on Tools, Technology, and Techniques, but Also Involving the Entire
Workforce. Health care Financial Management.
Grout, J., & Toussaint, J. (2010). Mistake-proofing healthcare: Why stopping processes may be a
good start. Business Horizons, 53(2), 149-156. doi:10.1016/j.bushor.2009.10.007
Grove, A., Meredith, J., MacIntyre, M., Angelis, J., Neailey, K. (2010) UK Health Visiting:
Challenges Faced During Lean implementation. Leadership in Health Services, Vol. 23
Issue: 3, pp.204-218, https://doi.org/10.1108/17511871011061037
Hackbarth, A. D. (2012). Eliminating Waste in US Health Care. Journal of the American
Medical Association, 307(14), 1513. doi:10.1001/jama.2012.362
Haefner, M. (2018, March). New Jersey lawmaker requests hearing on proposed Cigna-Express
Scripts, CVS-Aetna deals. Retrieved from https://www.beckershospitalreview.com/payerissues/new-jersey-lawmaker-requests-hearing-on-proposed-cigna-express-scripts-cvsaetna-deals.html

99
Heifetz, R. A., & Linsky, M. (2002). A survival guide for leaders. Harvard Business Review,
80(6), 65-74.
Holahan, J., Wengle, E., Blumberg, L. J., & Solleveld, P. (2017). What Explains the 21 Percent
Increase in 2017 Marketplace Premiums, and Why Do Increases Vary Across the
Country.
Howanitz, J. H., & Howanitz, P. J. (2001). Laboratory Results. American Journal of Clinical
Pathology, 116(3), 311-315. doi:10.1309/h0dy-6vtw-nb36-u3l6
Hwang, P., Hwang, D., & Hong, P. (2014). Lean practices for quality results: a case illustration.
International journal of health care quality assurance, 27(8), 729-741.
Iorio,R. (2015). Strategies and tactics for successful implementation of bundled payments:
Bundled payment for care improvement at a large, urban, academic medical center. The
Journal of Arthroplasty, 30(3), 349-50. doi:10.1016/j.arth.2014.12.031
Jacobson, J. M., & Johnson, M. E. (2006). Lean and Six Sigma: not for amateurs: first in a 2-part
series. Laboratory Medicine, 37(2), 78-83.
Juran, J. M., & Gryna, F. M. (1988). Jurans quality control handbook. New York: McGraw-Hill.
Juran, J. M. (1988). Juran on Planning for Quality. New York:Collier Macmillan.
James, B. C., & Poulsen, G. P. (2016). The Case for Capitation. Harvard Business
Review, 94, 102-111.
Kaplan, R. S., & Haas, D. A. (2014). How Not to Cut Health Care Costs. Harvard Business
Review, 92(11), 116-22.

100
Kaplan, G. S., Patterson, S. H., Ching, J. M., & Blackmore, C. C. (2014). Why Lean Doesn’t
Work for Everyone: Table 1. British Medical Journal Quality & Safety, 23(12), 970-973.
doi:10.1136/bmjqs-2014-003248
Kaplan, R. S., & Porter, M. E. (2012). The Big Idea - How to Solve the Cost Crisis In Health
Care. Harvard Business Review, 46.
Kim, C. S., Hayman, J. A., Billi, J. E., Lash, K., & Lawrence, T. S. (2007). The Application of
Lean Thinking to the Care of Patients With Bone and Brain Metastasis With Radiation
Therapy. Journal of Oncology Practice, 3(4), 189-193. doi:10.1200/jop.0742002
Klarner, P., Probst, G., & Soparnot, R. (2008). Organizational Change Capacity in Public
Services: The Case of the World Health Organization. Journal of Change Management,
8(1), 57-72. doi:10.1080/14697010801937523
Kotter, J. P., & Schlesinger, L. A. (1979). Choosing Strategies for Change. Boston, MA:
Harvard Business School Publishing.
Kotter, J. P. (1996). Leading change. Harvard Business Press.
Kotter, J. P. (1996). Why Transformation Efforts Fail. The Journal of Product Innovation
Management, 2(13), 170.
Landi, H. (2017, October 27). Survey: 73 Percent of Physicians Prefer Fee-for-Service Models.
Retrieved from https://www.healthcare-informatics.com/news-item/value-basedcare/survey-73-percent-physicians-prefer-fee-service-Models
Landon, W. G. (1988). Kanban And Deming's 14 Points. Quality, 27(9), 50.

101
Lapin, T., & Massarella, L. (2017, December 17). Chaos at one of the busiest US airports after
power outage. https://nypost.com/2017/12/17/chaos-at-one-of-the-busiest-us-airportsafter-power-outage/
Lawal AK, Rotter T, Kinsman L, et al. Lean Management in Health Care: Definition, Concepts,
Methodology and Effects Reported (systematic review protocol). Systematic Reviews.
2014;3:103. doi:10.1186/2046-4053-3-103.
Letourneau, R. (2015, March). Population Health and the Revenue Cycle. Retrieved from
http://www.healthleadersmedia.com/finance/population-health-and-revenue-cycle
Lean and Six Sigma: Not for Amateurs Second in a 2-Part Series. (2015). Laboratory Medicine.
doi:10.1309/9lhb9g96ahmt9xg2
Liker, J. K. (2004). Principle 13: Make decisions slowly by consensus, thoroughly considering
all options; implement rapidly (nemawashi). In The Toyota Way: 14 Management
Principles from the World's Greatest Manufacturer (pp. 237-249). McGraw-Hill, New
York City.
Liker, J. K., & Meier, D. (2006). The Toyota Way Field Book: A Practical Guide for
Implementing Toyotas 4Ps. New York: McGraw-Hill.
Liker, J. K. (2008). The Toyota way: 14 Management Principles from the World’s Greatest
Manufacturer. Auckland, N.Z.: Royal New Zealand Foundation of the Blind.
Liker, J. K., & Franz, J. K. (2011). The Toyota Way to Continuous Improvement: Linking
Strategy and Operational Excellence to Achieve Superior Performance. New York:
McGraw-Hill.

102
Lindsey, G., MD. (2017, December 5). "Being Lean" is Much Rarer Than "Doing Lean.”
Retrieved from http://www.healthleadersmedia.com/leadership/%E2%80%9CbeingLean%E2%80%9D-much-rarer-%E2%80%9Cdoing-Lean%E2%80%9D
Lumsdon, K. (1996) Deals that went down the drain. Hospitals & Health Networks, 70(5).
McAuliffe, J., Moench, T., Wellman, J., & Wellman, J. M. T. M. J. (2004). The Lean Enterprise
Meets Health Care. Hospitals and Health Networks.
McKay, K. (2017, November 26). How to Make Good Decision, From Ben Franklin. Retrieved
from https://www.artofmanliness.com/2009/08/17/how-to-make-a-decision-like-benfranklin/
Mangan, J., Lalwani, C., & Lalwani, C. L. (2016). Global logistics and supply chain
management. John Wiley & Sons.
Manos, A., Sattler, M., & Alukal, G. (2006). Make health care Lean. Quality progress, 39(7), 24.
Matthew, J. L. (2013) "Six Sigma in healthcare delivery", International Journal of Health Care
Quality Assurance, Vol. 26 Issue: 7, pp.601-626,

https://doi.org/10.1108/IJHCQA-09-

2011-0054
Messinger, B. L., Rogers, D. N., & Hawker, C. D. (2017, July 01). Use of Automation and
Process Improvement to Achieve a Six Sigma Level of Nonanalytic Quality. Retrieved
from http://jalm.aaccjnls.org/content/2/1/86
Michele, R., & Christensen, S. (2007, September 08). Medicare's policy of not reimbursing for
medical errors will boost Lean/Six Sigma. https://www.darkdaily.com/tag/Lean-sixsigma

103
Mol, J. B. (2006). How Management Innovation Happens. Retrieved from
https://sloanreview.mit.edu/article/how-management-innovation-happens/
Moen, C., & Core, G. (2012). Demystifying Ward Nurse Manager's Approach to Managing
Change. International Journal of Clinical Leadership, 17(4).
Moghimi, H., Vaughan, S., McConche, S., & Wickramasinghe, N. (2016, January). How Do
Business Analytics and Business Intelligence Contribute to Improving Care Efficiency?.
In System Sciences (HICSS), 2016 49th Hawaii International Conference on (pp. 34083415). IEEE.
Minemyer, P. (2018, March 14). Shareholders approve CVS-Aetna acquisition. Retrieved from
https://www.fiercehealthcare.com/payer/cvs-shareholders-vote-to-approve-purchaseaetna
Murphy, K. A. (2016). The profit machine in the hospital basement: Turning your lab into an
economic engine. Ann Arbor, MI: Ellsworth Press.
Nave, D. (2002). How to compare Six Sigma, Lean and the Theory of Constraints. Quality
Progress, 35(3), 73.
Neave, H. R. (1987). Deming’s 14 Points for Management: Framework for Success. The
Statistician, 36(5), 561. doi:10.2307/2348667
Novis, D. A., Zarbo, R. J., & Saladino, A. J. (1998). Inter-institutional Comparison of Surgical
Biopsy Diagnosis Turnaround Time: A College of American Pathologists Q-probe study
of 5384 Surgical Biopsies in 157 Small Hospitals. Archives of Pathology & Laboratory
Medicine, 122(11), 951.

104
Ohno, T. (1988). Toyota Production System: Beyond Large-Scale Production.
Owens-Liston, P. (2017, July 31). Attaining Six Sigma Levels in the Laboratory: Here's What
We Learned. From https://www.aruplab.com/news/07-20-2017
Oxtoby, B., McGuiness, T., & Morgan, R. (2002). Developing Organizational Change
Capability. European Management Journal, 20(3), 310-320.
Palm, K., Lilja, J., & Wiklund, H. (2014). The Challenge of Integrating Innovation and Quality
Management Practice. Total Quality Management & Business Excellence, 27(1-2), 34-47.
doi:10.1080/14783363.2014.939841
Patients may be the new payers but two in three do not pay their hospital bills in full. (n.d.).
Retrieved January 02, 2018, from https://newsroom.transunion.com/patients-may-be-thenew-payers-but-two-in-three-do-not-pay-their-hospital-bills-in-full/
Pexton, C. (n.d.). Start Now with 10 Keys to Successful Transformation. Retrieved from
https://www.isixsigma.com/new-to-six-sigma/deployment/10-keys-successfultransformation/
Plebani, M. (2009). The detection and prevention of errors in laboratory medicine. Annals of
Clinical Biochemistry, 47(2), 101-110. doi:10.1258/acb.2009.009222
Poksinska, B. (2010). The Current State of Lean Implementation in Health Care. Quality
Management in Health Care, 19(4), 319-329. doi:10.1097/qmh.0b013e3181fa07bb
Porter, M. E., & Teisberg, E. O. (2006). Redefining Health Care: creating value-based
competition on results. Harvard Business Press.

105
Proctor, J. (2007, September). Application of Lean Thinking to Radiation Therapy. from
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2793833/
Raisinghani, M. S., Ette, H., Pierce, R., Cannon, G., & Daripaly, P. (2005). Six Sigma: Concepts,
Tools, and Applications. Industrial management & Data systems, 105(4), 491-505.
Reid, R. (2014, April 17). Importance of Clinical Lab Testing Highlighted During Medical Lab
Professionals Week. Retrieved from http://www.acla.com/importance-of-clinical-labtesting-highlighted-during-medical-lab-professionals-week/
Rinkle, V. (2016, August). The Future of Hospital Reference Laboratory Services.
Roehm, H. A., & Castellano, J. F. (1997). The Deming View of a Business. Quality Progress,
30(2), 39-45.
Rossum, L. V., Aij, K. H., Simons, F. E., Eng, N. V., & Have, W. D. (2016). Lean health care
from a change management perspective. Journal of Health Organization and
Management, 30(3), 475-493. doi:10.1108/jhom-06-2014-0090
Sahni, N., Chigurupati, G., Kocher, B., & Cutler, D. (2015). How the US can Reduce Waste in
Health Care Spending by $1 Trillion. Harvard Business Review. October, 13.
S, K., Sisko, A., & Truffler, C. (2011). National Health Spending Projections Through 2020:
Economic Recovery And Reform Drive Faster Spending Growth. Retrieved from
https://www.healthaffairs.org/doi/full/10.1377/hlthaff.2011.0662
Schoen, C., How, S. K., Weinbaum, I., Craig, J. E., & Jnr, D. K. (2007). Public Views on
Shaping the Future of the US Health System. Commonwealth Fund, August 2006.

106
Sehwail, L., & DeYong, C. (2003). Six Sigma in health care. Leadership in Health Services,
16(4), 1-5.
Shatto, J. D., & Clemens, M. K. (2011). Projected Medicare expenditures under an illustrative
scenario with alternative payment updates to Medicare providers. Centers for Medicare
and Medicaid Services, Office of the Actuary (May 13).
Slosberg, M., Nejati, A., Evans, J., & Nanda, U. (2018). Transitioning to a New Facility: The
Crucial Role of Employee Engagement. Journal of Healthcare Management, 63(1), 6377.
Sprick, L.(2011). How to Conduct Highly Effective Kaizen Events in Your Lab and Kaizen
events in Your Lab and Hospital, LabConFab, New Orleans, LA, October, 2011
Sobek II, D. K., & Smalley, A. (2011). Understanding A3 thinking: a critical component of
Toyota's PDCA management system. CRC Press.
Souza, L. B., & Pidd, M. (2011). Exploring the barriers to Lean health care implementation.
Public Money & Management, 31(1), 59-66. doi:10.1080/09540962.2011.545548
Spear, S., & Bowen, H. (1999). Harvard business review on supply-chain management (Vol.
77). Boston: Harvard Business School Press.
Stonemetz, J., Pham, J. C., Necochea, A. J., McGready, J., Hody, R. E., & Martinez, E. A.
(2011). Reduction of regulated medical waste using Lean sigma results in financial gains
for hospital. Anesthesiology Clinics, 29(1), 145-152.
Talaga, J. (2018, January). Responsive Payment Support: Finding the Right Balance for Patients
With HDHPs. Retrieved from https://www.hfma.org/Content.aspx?id=57413

107
Teich ST, Faddoul FF. (2013). Lean Management—The Journey from Toyota to Healthcare.
Rambam Maimonides Medical Journal. 4(2):e0007. doi:10.5041/RMMJ.10107.
The First National Report Card on Quality of Health Care in America. (2006). Retrieved from
http://www.rand.org/pubs/research_briefs/RB9053-2/index1.html
Thompson, Derek. “Health Care Just Became the U.S.'s Largest Employer.” The Atlantic,
Atlantic Media Company, 9 Jan. 2018,
www.theatlantic.com/business/archive/2018/01/health-care-america-jobs/550079/.
Trent, R. J. (2008). End-to-end Lean management: A guide to complete supply chain
improvement. J. Ross Publishing.
van Rossum, L., Aij, K. H., Simons, F. E., van der Eng, N., (2016). Lean health care from a
change management perspective: The role of leadership and workforce flexibility in an
operating theatre. Journal of Health Organization and Management, 30(3), 475-493.
Varadarajan, R. (2009). Fortune at the bottom of the innovation pyramid: The strategic logic of
incremental innovations. Business Horizons, 52(1), 21-29.
doi:10.1016/j.bushor.2008.03.011
Visinoni, F. (2015). Towards the Lean lab: The Industry Challenge. Pre-Analytics of
Pathological Specimens in Oncology Recent Results in Cancer Research, 119-133.
doi:10.1007/978-3-319-13957-9_12
Volmar, K. E., Idowu, M. O., Souers, R. J., Karcher, D. S., & Nakhleh, R. E. (2015). Turnaround
Time for Large or Complex Specimens in Surgical Pathology: A College of American
Pathologists Q-Probes Study of 56 Institutions. Archives of Pathology & Laboratory
Medicine, 139(2), 171-177. doi:10.5858/arpa.2013-0671-cp

108
Walshe, K. (2009). Pseudo innovation: the development and spread of health care quality
improvement methodologies. International Journal for Quality in Health Care, 21(3),
153-159. doi:10.1093/intqhc/mzp012
Walton, M. (1998). Deming's fourteen points. Dental Economics, 88(3), 32nd ser
Warnick, K. (2012, September 18). Health care wastes more money than Obamacare would cost.
Retrieved from http://www.wmicentral.com/opinion/editorials/health-care-wastes-moremoney-than-obamacare-would-cost/article_91c9f242-0117-11e2-87ec0019bb2963f4.html
Womack, J. P., Jones, D. T., & Roos, D. (1991). The machine that changed the world (1st ed.).
New York: HarperCollins .
Womack, J. P., & Jones, D. T. (2010). Lean Thinking: Banish Waste and Create Wealth in Your
Corporation. Riverside: Free Press.
Womack, J. P., & Jones, D. T. (1996). Beyond Toyota: how to root out waste and pursue
perfection. Harvard business review, 74(5), 140.
Womack, J. P., & Jones, D. T. (2015). Lean solutions: how companies and customers can create
value and wealth together. New York: Free Press.
Wong, Y. C., & Wong, K. Y. (2011). Approaches and practices of Lean manufacturing: The case
of electrical and electronics companies. African Journal of Business Management, 5(6),
2164.
Wood, D. (2012, October 29). Taking the Pulse of Lean Health care. Retrieved January 02,
2018, from http://www.longwoods.com/content/23198

109
Wood, D. C. (2011). The executive guide to understanding and implementing quality cost
programs: reduce operating expenses and increase revenue. Sibiu: MSC Solutions.
Wood, D. (2015). Conference, Lab Quality Confab, New Orleans, LA, October, 2015.
Measuring the cost of quality
Www.mbgh.org/reports/copq-rtcopqhctrpl.pdf. . (2002, August 1). Health care Financial
Management.
Yücel, E., Salman, F., Gel, E., Örmeci, E., & Gel, A. (2013). Optimizing specimen collection for
processing in clinical testing laboratories. European Journal of Operational Research,
227(3), 503-514. doi:10.1016/j.ejor.2012.10.044
Zarbo, R. J., & D’Angelo, R. (2007). The Henry Ford Production System. American Journal of
Clinical Pathology, 128(6), 1015-1022. doi:10.1309/rgf6jd1nap2du88q
Zarbo, R. J., Tuthill, J. M., D’Angelo, R., Varney, R., Mahar, B., Neuman, C., & Ormsby, A.
(2009). The Henry Ford Production System. American Journal of Clinical Pathology,
131(4), 468-477. doi:10.1309/ajcpptj3xjy6zxdb
Zarbo, R. J. (2012). Creating and Sustaining a Lean Culture of Continuous Process
Improvement. American Journal of Clinical Pathology, 138(3), 321-326.
doi:10.1309/ajcp2qy1xgktsnqf
Zarbo RJ, D’Angelo R. Transforming to a quality culture: The Henry Ford Production System.
American Journal of Clinical Pathology. 2006:126(supplement 1):S21-S29.
Zarbo R., Meier F., Raab S. Error Detection in Anatomic Pathology. Archives of Pathology
Laboratory and Medicine. 2005;129:1237-1245.

110
Zarbo, R. (2017). Key management subsystem driver of knowledge-based continuous
improvement in the henry ford production system. American Journal of Clinical
Pathology, 148(4), 354-367. doi:10.1093/AJCP/AQX084
	
  

111
Footnotes
1

To satisfy scholars worldwide, in 2008, Virginia Mason opened a non-profit educational

division, The Virginia Mason Institute for Training and Teaching the Virginia Mason Way.
Some of the results of moving to a Lean program included: saving $500,000 labor and overtime
in one year, a realized savings of over $2 million in inventory, increased the productivity of
several targeted areas by 93%, and reduced premiums for liability insurance by more than 56%
(Blackmore, 2013).

